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EXPANSION OF EDUCATIONAL AND TRAINING FACILITIES IN 
BRITAIN 


\ HEN moving the second reading in the House 

of Lords on April 28 of the Factories Bill, 
which amplifies and amends the Factories Act, 1937, 
the Earl of Dundee pointed out that it empowered 
the Minister, under Clause 25, to improve his advisory 
services by the collection of information, the investi- 
gation of problems of health, safety and welfare, 
including the establishment of laboratories not only 
for research but Mr. Ian MacLeod had 
explained in the House of Commons, for wider pur- 
poses and the dissemination of the results to industry. 
The Bill, in fact, constituted a new departure in 
factory legislation, and he emphasized the con- 
structive and co-operative aspect of the work of the 
factory inspectorate. There are now 409 inspectors, 
and it is hoped to have 445 very soon; but quality 
and experience are regarded as more important 
than numbers. Other innovations in the Bill, which 
received the Royal Assent on July 29, empower the 
Minister to make special regulations as to the measures 
to be taken in factories to reduce the risk of fire, 
including regulations prescribing requirements as 
to the internal construction of a factory and the 
inaterials to be used, and call for the provision and 
maintenance in every factory of appropriate and 
readily available means for fighting fire. 

[In the debate, Lord Wilmot of Selmeston remarked 
that the Bill is an outstanding example of Parliament 
at its best in the active co-operation of Government 
and Opposition in pursuit of a common aim. Lord 
Stonham expressed the hope that in promoting a 
partnership of safety in the factories, the Govern- 
ment would greatly strengthen the provisions for 
consultation and research into safety, and suggestd 
that full information was a prerequisite of confidence. 
Lord Taylor estimated that sickness and accident in 
industry in Britain represent a loss of £780-£1,000 
million a year, mostly through minor illness and 
minor accident, and he stressed the importance and 
value of an efficient industrial health service, in- 
cluding such a co-operative and mobile industrial 
health service as had been created at Harlow. The 
Earl of Dundee particularly welcomed this suggestion 
as providing a solution to the problem of making 
trained assistants available to the smaller type of 
factory. 

The Bill obviously strengthens the contribution 
which science can render to industrial health and 
safety. On the second reading of the Bill in the 
House of Commons last November, the Minister of 
Labour and National Service emphasized the critical 
importance of the strength and efficiency of the 
factory inspectorate, and this was recognized on all 
sides. Mr. Robert Carr, however, directed attention 
to the way in which the growing complexity of 
industry has increased the difficulty of progress 
moly by enforcement. It has become more and 


also, as 


aa 


more impossible for a general inspectorate to possess 
all the technical qualifications needed to cover the 
whole range of industry in its area. With all the 
help it can draw from a more or less centralized 
and specialist branch, to which we must look in- 
creasingly for encouragement and advice for major 
advances in the future, we are once again reminded 
of the importance of the continual expansion of 
education and training facilities in Britain. 

Three other recent debates have also stressed the 
importance of this factor, and particularly the need 
to implement the recommendations of the Carr Report 
on recruitment and training of young workers in 
industry. Intervening in the debate on secondary 
education in the House of Lords on February 26, 
Lord Rochester urged that the employment of young 
people, and particularly their training as apprentices, 
should be regarded just as much a part of their 
education as that which they receive at school, and 
that before steps were taken to raise the school- 
leaving age further, the possibility of industry 
absorbing them all at any one time each year, 
instead of three times as at present, should be 
examined. Lord Rochester thought that to limit 
intake to one ‘occasion in the year might in practice 
prove a retrograde step even to the technical educa- 
tion of the boys, but he urged that from the point 
of employment the problem is much too important 
to be handled without the closest consultation both 
with the trade unions and the employers. 

That aspect was also stressed in a debate on the 
effects of automation, on a motion of Mr. F. Lee 
in the House of Commons on May 1. Mr. Lee’s 
motion, recognizing the need for British industry to 
keep abreast of modern production methods, and 
also the need to allay fears of heavy unemployment, 
urged an intensive study of the probable consequences 
of automation, and that the Government should 
invite industry to co-operate in introducing the 
necessary changes with a minimum of hardship to 
its employees, and in supporting the motion Mr. 
Austen Albu emphasized the bearing of technical 
education. Mr. MacLeod, in his reply, referred to 
the survey which had been made by the Department 
of Scientific and Industrial Research in 1954, and to 
the general endorsement of the conclusions of the 
report in July 1956 by the National Joint Advisory 
Council. A subsequent inquiry by the Board of 
Trade, the results of which were published in the 
3oard of Trade Journal of February 1958, suggested 
that automation would tend to decrease the number 
of unskilled labourers but increase the number of 
skilled technicians of all kinds. Firms did not expect 
automation to lead to any severe reduction in the 
size of their labour force, partly because that force 
would be re-deployed substantially within the factory, 
and partly in consequence of an increased level of 
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activity. Mr. MacLeod believes, however, that 
increase in apprenticeship training is the respons- 
ibility of industry, and that the Government can only 
indirectly stimulate that. He referred to the studies 
of technical change which the Department of Scientific 
and Industrial Research is already sponsoring and 
thinks that this work on the social aspects of tech- 
nological innovation might be better co-ordinated 
and given more publicity. He undertook to raise 
this question with the National Joint Advisory 
Council. 

In opening a debate on youth employment problems 
on April 30, Mr. A. Robens suggested that the future 
of Britain is based on the development of our tech- 
nical skills, and that we must take firm action to 
ensure that our people are highly skilled and able to 
make full use of the possibilities offered in electronics, 
nuclear power and transfer machines. Our educational 
programme, including the development of technical 
education, contemplates an output of about 20,000 
scientists and technologists a year by 1970, and to 
make full use of the technologists some five or six 
technicians are required for each technologist. The 
production of these technicians and craftsmen is 
regarded by Mr. Robens as the key problem, and to 
meet the needs of the increased number of school- 
leavers we should be taking about 135,000 into skilled 
apprenticeship a year. The evidence of recent 
months, he asserted, is that there are insufficient 
vacancies for boys who have the necessary educa- 
tional qualifications, and he believes that only by 
persuasion or legislation will industry be induced to 
provide the extra training places required, many of 
which would be surplus to present requirements. He 
said that the trade unions have a responsibility here 
—in the printing trade and in the shipbuilding 
industry the number of apprenticeships is strictly 
limited. 

Mr. Robens advocated re-examination of the length 
of time required for an apprenticeship and challenged 
the practice of restricting entry to those leaving 
school at fifteen or sixteen. He believes the older 
boy with added educational qualifications would be 
likely to acquire his craft skill more rapidly, and 
further, that full employment could not be guaranteed 
on the basis of an inevitable job. Mr. Robens sug- 
gested that since industry could not do this on 
its own, the Ministry of Labour should assist by 
making use of redundant Royal Ordnance factories 
or Ministry of Supply factories, so as to meet the 
needs of the small firms for training apprentices. 
Something more was required than had been recom- 
mended by the Carr Committee. 

The Parliamentary Secretary to the Ministry of 
Labour and National Service warmly welcomed Mr. 
Robens’s speech, though he thought the prospects of 
employment for boys and girls depend on economic 
expansion and not merely on the size of the bulge, 
and he was not convinced that opportunities for 
apprenticeship are as limited as Mr. Robens sug- 
gested. He believes that the Government’s nart should 
be, first, to provide adequate facilities for technical 
education, and secondly, to shape the conditions in 
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which industry can best play its own part. The 
Industrial Training Council should take a most 
important part in developing a strong and effective 
leadership in industry towards expanding training 
opportunities in each individual industry, and the 
Council has, in fact, already asked both employers 
and trade unions to examine urgently the Carr 
Report. The Government also proposes to make a 
grant of £75,000 to the Council to further the appoint- 
ment of training development officers, either by the 
Council itself or by employers’ organizations, joint 
industrial councils or similar bodies. He was con- 
fident that the Carr Report has already had a pro- 
foundly beneficial effect on the situation. 

Mr. Robert Carr, who also spoke, explained that 
the Carr Committee was influenced in its recom- 








mendations by the view that more rapid progress | 
would be achieved by building on practice and | 


tradition rather than by breaking completely with 
the present system, even if the Committee did not 
condone the present rigidity of much of it. He 
believes that it is essentially in the smaller and 
medium-sized firms that an increase in training could 
take place in the skills we need, and that help with 
the first year’s training of an apprentice is par- 
ticularly desirable. Pre-apprenticeship courses could 
be developed in technical colleges, but the develop- 
ment of group apprenticeship schemes requires 
further attention, and small and medium-sized firms 
could be helped by more block release in technicil 
colleges as an alternative to day release. While 
welcoming Mr. Wood’s announcement, Mr. Carr sail 
he thinks there might be a capital grant towards 
the establishment of joint training centres and tax 
remission. to firms in respect of the number of their 
apprentices, and finally he stressed the importance 
of quality. 

Mr. A. Albu, who pointed out that only between 
20 and 30 per cent of school leavers receive any 
further training at all—and in some occupations only 
2-3 per cent receive any serious training for their 
employment—quoted an estimate that we would 
need 1,300,000 skilled workers and 450,000 tech- 
nicians by 1966. To provide these, about 86,000 
extra apprenticeships would be needed each year, or 
nearly three times the present number. He suggested 
a levy, based on the number of skilled workers 
employed, to enable training workshops to be estal- 
lished in technical colleges, and also that the Indus- 
trial Training Council should be reconstituted under 
an independent chairman, with a specialist and highly 
qualified staff. Stress was laid by Miss Elaine Burton 
and by Miss Joan Vickers on the importance of the 
Youth Employment Service, and the need to see that 
this is properly supported, and that youth employ- 
ment officers are sufficiently well paid to attract able 
and really qualified people to such posts. 

Sir Edward Boyle, who replied on the debate, said 
that to achieve the objectives laid down in the 1956 
White Paper on Technical Education, we must 
achieve an average increase in the number of pari- 
time day release students of about 40,000 a year. 
Although in 1958 there had been a recession of 
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17.000 part-time day-releases, the advanced levels in 
technical colleges are progressing well and the colleges 
are also diversifying their courses and providing new 
tvpes of courses for the ordinary craft apprentices 
and technicians. The teaching force of the colleges 
is increasing and in 1958 reached a record total of 
13,500. The technical colleges, however, cannot do 
their best without the active co-operation of industry, 
and Sir Edward stressed the need for close and 
recular contact between the staff at the technical 
college and the training officers and apprentice 
supervisors in the factory. 

lt is against the background of these debates that 
the report of the Ministry of Education for 1958* is 
appropriately considered, particularly the important 
chapter which reviews developments in_ technical 
education since the War, and more especially pro- 
eress since the White Paper on Technical Education 
was issued in 1956. Some further information 
bringing the report more up to date was given in 
speeches of Lord Hailsham in the House of Lords 
debate on February 26 and in that of Sir Edward 
Boyle in the House of Commons on April 27. Sir 
Kdward Boyle pointed out that during the past four 
years the number of pupils per full-time teacher in 
primary schools has declined from 32-1 to 30-6, 
while the number of pupils per full-time teacher in 
secondary classes has only risen from 20-9 to 21-4 
in spite of the movement of the bulge from primary 
nto the secondary schools. From now onwards, 
apart from the year of intermission in 1962, the 
ncrease in the teacher force should more than match 
ihe inerease in school population, and Sir Edward 
Boyle anticipated that primary classes of more than 
forty children should be virtually eliminated by 
the middle 1960’s, with no deterioration in staffing 
standards in secondary schools. 

From 1959 Sir Edward thinks that an annual net 
increase of 6,000 teachers can be assumed, as 16,000 
students should complete teacher training courses in 
1959 and 17,000 in 1960, and this output should be 
Inaintained ; an increased number of graduates is 
also expected to enter the schools, and wastage is 
unlikely to inerease. More recently, on June 26, Mr. 
Geoffrey Lloyd, the Minister of Education, said that 
in addition to the programme for 12,000 places 
announced last September, he has authorized forth- 
with a programme of 4,000 training college places 
which should be effective by 1964. Sir Edward Boyle 
also said that the selection of highly qualified entrants 
who could complete a course in two years instead of 
three was being considered. 

“Education in 1958” records that although in 
January 1958 there were nearly 6,840,000 children in 
maintained and assisted schools, the rate of increase 
has fallen by nearly half; the rise in the number of 
children older than fifteen was more than double 
that for the previous year. Nevertheless, the per- 
centage of senior children in over-size classes remained 
the same although the number of over-size senior 


* Educationin 1958: Being the Report of the Ministry of Education 
and Statistics for England and Wales. Pp. v+261. (Cmnd. 777.) 
(London: H.M. Stationery Office, 1959.) 12s. net. 


classes was slightly larger in January 1958. The 
total number of students taking advanced courses at 
technical colleges has increased from 9,500 at the 
time of the White Paper to more than 11,000, and 
of these nearly 6,500 are enrolled in sandwich courses, 
compared with about 2,300 early in 1956. During 
1958-59, more than 19,600 out of 23,000 students 
admitted to universities in England and Wales, 
excluding those from overseas, were receiving awards 
from public funds, compared with 14,000 during 
1954-55. 

Apart from the firm expression of the Government’s 
conviction that anything like a uniform pattern of 
secondary education throughout Britain would be 
wrong, and that instead wide experiment and 
flexibility in organization should be encouraged, the 
two chapters on further education are those of most 
direct interest to the scientist and technologist. The 
first of these provides a convenient concise summary 
of the progress that has been achieved in technical 
education during the past five years, without, how- 
ever, distinguishing as clearly as had been done in 





some recent debates in Parliament between the 
technician and the technologist. One encouraging 
feature is the decreasing proportion of part-time 
education at the advanced level. In the mid-1950’s, 
more than three-quarters of technical college students 
who obtained professional qualifications did so by 
part-time study only. By the late 1960's about one- 
half of those qualifying each year as scientists and 
engineers will probably have come from a technical 
eollege and less than one-third of these will have 
taken part-time courses. 

The review refers to the shedding by the colleges 
of advanced technology of the less advanced work, 
and there is some discussion of the problem of 
broadening a technological course. It is recognized 
that a concept of teaching is needed in which the 
mere imparting of information is replaced by a more 
active kindling of the student’s mind and interest 
through the personal help and guidance of the 
teacher, and it is the Government's policy that the 
colleges of advanced technology should be staffed on 
a basis generous enough to enable them to provide 
a tutorial system throughout a diploma of technology 
course. Apart from the great benefit to the students, 
this should encourage the staff to adopt teaching 
methods which will increasingly encourage students to 
work on their own and to think for themselves. Of 
the £70 million authorized for investment in technical 
college building in Britain during the quinquennium 
ending in 1961, the colleges of advanced technology 
claimed about £10 million. Encouraging progress is 
recorded in regional co-ordination at the advanced 
level, in co-operation between the colleges and 
industry and in the development of research and 
postgraduate studies, and to a lesser extent in the 
development of courses in management studies. The 
need for residential accommodation, however, will 
only partly be met by the 3,000 places to be provided 
under the five-year programme, of which nearly 
2,000 will be at the colleges of advanced technology, 
including about 1,000 at the entirely residential 








college at Loughborough. Recruitment of suitable 
teaching staff for advanced scientific and technical 
courses is likely to remain a serious and urgent 


problem, and related to this are the conditions of 


service for such staff. Here the improvement in the 
climate of technological 
education could well be a decisive factor. 

The report stresses the distinctive functions of the 
colleges of advanced technology and of the univer- 
sities and rightly urges that both are needed. It would 


opinion about advanced 


be more reassuring, however, to see the distinctive 
functions of the technical colleges and of the colleges 
of technology clearly recognized, and the need to 
keep the supply of technicians and craftsmen in 
balance with the expansion in numbers of both 
technologists and scientists. This could well prove a 
major weakness, and although the apprenticeship 
system receives notice in the report, the Carr Report 
is merely noted and its implications even for tech- 
nical education are not discussed. Lord Hailsham’s 
speech in the House of Lords on February 26 was 
limited essentially to education, and 
although he referred to the improvement of facilities 


secondary 


for teaching science, he did not touch on this vital 
aspect. Between 1947 1957 the of 
advanced level passes in the General Certificate of 
Edueation from 10,000 to 14,000 mathe- 
matics, from 8,000 to 15,000 in physics, and from 
7.000 to the War 
more than £20 million has been spent on the pro- 


and number 


rose in 


13,000 in chemistry ; and since 
vision and equipment of science laboratories at new 
and enlarged maintained secondary schools of all 
kinds and £3 million has been spent in three years 
direct-grant by the 
Scientific 


schools 


of 


on independent and 


Industrial Fund for the Advancement 
Education in Schools. 

This report from the Ministry of Education, and 
the debates in Parliament referred to earlier, demon- 
strate that the Government is aware of the many 
problems involved in expanding technical and tech- 
it is the duty of 
to 


nological education in Britain ; 


professional associations and_= similar bodies 
impress on those concerned the importance of striking 


a true balance between the diverse interests involved. 


CONCEPTUAL FOUNDATIONS OF 
SCIENCE 


Patterns of Discovery 


An Inquiry into the Conceptual Foundations of 
Science. By Prof. Norwood Russell Hanson. Pp. 
ix--241. (Cambridge: At the University Press, 
1958.) 30s. net. 


| ees general thesis of this book is that observa- 
tional data become significant only when seen 
against a given conceptual background or Gestalt 
(p. 90). The theme is worked out at various levels. 
Thus Chapter 1 discusses interpretative activity of 
plain observers; Chapter 2 illustrates, through a 
historical discussion of the work of Galileo, Descartes 
and Beeckman on the problem of free fall, the 
influence of purely geometrical as against physical 
attitudes on the direction of research ; and Chapter 4 
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emphasizes the importance of physical (as compared 
with purely mathematical) preconceptions in their 
hold on Kepler’s astronomical thinking. Compara- 


tively, these are historical issues, though Prof. 
Hanson here sometimes flirts with something more 


important, as when he writes that “‘conceiving of an 
hypothesis has a logic’? and is not merely a matter 
of intuition or hunches (p. 71). Of course it is not. 
But as to “logic”; when we inquire further we are 
after all given no more than the tame if correct 
remark that the physicist’s task is to find the simplest 
formula which will include all the known data (p. 84). 

Hanson’s conceptualist thesis is indeed mostly 
intended to throw light on a number of traditional 
philosophical issues such as the nature of causal 
relations (Chapter 3: causes being interpreted as 
“theory-loaded”’ (p. 54) entities) ; the logical status 
of the laws of classical dynamics (Chapter 5 : whether 
they are considered as definitions or as conventions 
or as empirically testable statements depends on 
“the organisation of concepts” (p. 96)) ; as also the 
question whether the Indeterminacy Principle states 
“merely a technical” or rather ‘‘a conceptual impossi- 
bility” (p. 186; Chapter 6). This last question, 
perhaps the most interesting in the light of recent 
discussions on the ideas of Bohm and others, does 
not receive much clarification, being discussed 
merely as a further illustration of a philosophical 
thesis. 

Altogether, though this book abounds in a wealth 
of illustrative studies, remarks and quotations, at 
the end one is left with the feeling of a somewhat 
hazy and impressionist picture. There is a great deal 
of trailing of the coat ; 
philosophers’’, 


the béte noire being ‘the 
who now fail to grasp the elementary 
facts of physical reasoning (p. 88); now “think 
physicists confused”’ about the use of law-statements 
(p. 109) ; and who are finally told that not they but 
men like Kepler, Galileo, Newton, Einstein and others 
have developed physics (p. 113). Sneering was never 
a good substitute for argument ; it is never certain 
who these philosophers are that so dismally mis- 
understand ; and on the few occasions when they 
are named, their arguments are peculiarly mis- 
represented. Thus some contemporary logicians are 
chastized for having represented physical theory 
either as an inductive generalization, or as a piece 
of pure deduction, or, again, as inverse deduction. 
namely, the postulation (the ‘‘thinking up’’) of 
hypotheses accounting for the facts (pp. 86 ff.). 
Armed with this logical terminology, Prof. Hanson 
imputes to the logician the absurd doctrine that the 
physicist first thinks up hypotheses at random and 
then sees what he may perchance deduce from them 
(pp. 71 ff.). Surely it was perfectly obvious. that 
what the logician meant was: think up hypotheses 
in the light of the problems they are meant to 
solve. 

Disentangling the puzzles and paradoxes of the 
language of science is a delicate operation ; _ tlie 
that after due reflexion, when 
honestly put, are deserving perhaps of slightly more 
respect than a hasty misreading of the 
might suggest. Prof. Hanson writes that 
of the inadequacy of philosophical discussions” of 
the topics dealt with in his book, he proposes to use 
physical theory and theorizing as ‘‘the lens through 
One 
reader at least has certainly gained the impression 


statements emerge 


evidence 
““heecause 


which these problems will be viewed’’ (p. 2). 


that the method is, on the contrary, the perfectly 
standard one of running a definite philosophical lin 
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But no greater damage could be done to genuine 
philosophy of science than to suggest that there is an 
easy way to a solution of its problems; let alone 
that they may be settled by simply inspecting the 
metaphysics and the language of science. 

lhe book seems most stimulating in its discussion 
of some of the case-studies referred to, even though 
one might have wanted some explanations on occa- 
sion which would have made the matter less mystify- 
ing to the general reader. (Who of these understands 
the theory of the hodograph ? (p. 106).) It can cer- 
tainly be warmly recommended as accompanying 
reading to more sustained studies in the subject. 

GERD BuUCHDAHL 


THE WEEVILS OF FRANCE 


Faune de France, Vol. 62 
Coléoptéres Curculionides (‘Troisiéme Partie). Par 
Adolphe Hoffmann. Pp. ii-- 1209-1840 (642 figures). 
(Paris: Editions Paul Lechevalier, 1958.) n.p. 
Tis now more than forty years since the last com- 
prehensive work on European beetles appeared. 
The present volume in this well-known series deals 
th the remaining weevils occurring, or likely to 
occur, In France and Corsica. It is issued, unusually, 
in a stout and durable cloth binding. Keys to all 
wroups, including sometimes the varieties of a single 
Each couplet usually contains 


W 


species, are given. 
several easily observed characters and the keys appear 
to be reliable. There is a full description of each 
species, together with many references. 

the figures are even more numerous than in the 
earlier parts, averaging more than one per page. 
They exhibit a variety of styles and techniques but 
seldom reach the standard one expects nowadays in 
a work of this kind. Some of the figures of antennae 
and tarsi are particularly crude; — stippling and 
shading are frequently used where a simple line 
drawing would be far more effective. 

The author’s system of classification is 
individual and open to criticism. Following Reitter 
(1912) he has included some twenty or so subfamilies 
as tribes under the name ‘‘Calandrinae”’. Also the 
Attelabidae are denied their full family rank ; Rhyn- 
thites was even used as an example of the Phanero- 
cnathi in the introduction (Part 1). In addition a num- 
ber of long-established generic names (for example, 
Dorytomus) have been sunk, though in such cases an 
explanation is given and the reader can form his own 
opinion with the aid of the references. The fact that 
the general classification of weevils has not been 
studied since 1866 and that the new Code of Zoological 
Nomenclature has yet to appear in print reduces the 
weight of these criticisms. Furthermore, this work is 
essentially a faunistic study, not primarily intended 
to make a fundamental contribution to anatomy or 


rather 


taxonomy. 

lt is in its faunistic aspect that the value of this 
work lies. The author has taken the greatest pains to 
record accurately and often in great detail both the 
distribution and the biology of every species as far as 
Again many references are given. 
and leaf-rolling techniques are 


these are known. 
Many galls, ete., 
illustrated. 

Following the main body of the text is a lengthy 
list of additions and corrections to the whole work, 
also a list of food-plants with their associated weevils 
and a general index. R. T. THOMPSON 
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THE INVERTEBRATES 


The Invertebrates Vol. 5 


Smaller Coelomate Groups—Chaetognatha, Hemi- 
chordata, Pogonophora, Phoronida, Ectoprocta, 


Brachipoda, Sipunculida, The Coelomate Bilateria. 


By Libbie Henrietta Hyman. (McGraw-Hill Pub- 
lications in the Zoological Sciences.) Pp. viii+783. 


(London: McGraw-Hill Publishing Company, Ltd., 
1959.) 104s. 6d. 

HE fifth volume of Dr. Hyman’s series on 

animal phyla is devoted to the smaller ccelomate 
groups, except the Echiurida. These she divides into 
three the enteroccwlous ccelomates or 
Deuterostomia (Chaetognatha, Hemichordata and 
Pogonophora), the lophophorate caelomates (Phor- 
onida, Ectoprocta and Brachiopoda) and the proto- 
stomatous calomates (Sipunculida). It must have 
been a difficult task mastering the literature on 
such widely varied forms of life ; the bibliography 
is excellent. 

Kach chapter is arranged on the same lines as those 
in previous history, characters, 
classification, morphology, embryology, ecology and 
physiology, geographical distribution and relation- 
ships, so that it is easy to find a particular section. 
The illustrations are good on the whole, mostly copied 
from original papers, but a few have deteriorated 
in reproduction, such as Bathyspadella, Fig. 15A, 
and the nervous phoronids, Fig. 87. 
Lettering by numbers enables the reader to test his 
knowledge, and this is applied uniformly throughout 
the book. 

Some phyla. have been exhaustively dealt with 
elsewhere, such as the Hemichordata, by van der 
Horst; others are little known or have not been 
adequately treated in available books and mono- 
graphs. It is to the latter groups that the zoologist 
will gratefully turn first. Here for the first time we 
have a clear account, largely translated from the 
Russian, of the new phylum Pogonophora, the beard 
bearers, deep-sea worm-like creatures with a heart 
and vascular system but no digestive canal. The 
dredging of twenty-two species of pogonophores, 
chiefly from the Behring and Okhotsk seas and from 
the Skagerrak off Norway, is one of the most remark- 
able finds in modern zoological research, comparable 
with the discovery of Latimeria and Neopilina. 

More than a third of the volume is devoted to the 
Ectoprocta, a group which “is burdened with a large 
and fantastic terminology”. Dr. Hyman therefore 
has correlated the terms used for the parts of the 
colony with those employed in invertebrates generally. 
For her study of the Ectoprocta she travelled to 
Brazil, to consult with Prof. E. Marcus, who had 
worked so extensively on that group. The result 
is an excellent account. Dr. Hyman prefers to call 
the phylum Ectoprocta and to use Bryozoa in a 
popular sense only, since the latter name included 
the Entoprocta, which must now be removed from 
close association with the Ectoprocta. 

The chapter on Brachiopoda is also a competent 
piece of work, especially for the paleontologist. It 
is strange that the name is misspelt on the dust 


sections : 


volumes general 


system of 


cover and the title page. 

The final chapter, entitled 
the author to correct a few mistakes in the earlier 
work not 


“Retrospect”, enables 
volumes, to add short accounts of recent 
previously known and to state her views on current 


trends in zoology. The last she does very forcibly : 
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‘“‘Hemichordata must be removed from Chordata 
and made an independent phylum of invertebrates” ; 
“The concept Gephyrea must be obliterated from 
zoology’; ‘“Ctenophora are a sharply delimited 
group with definite characteristics that entitle them 
to separate phyletic rank. It is even not at all settled 
that they have originated from Cnidaria”; ‘The 
Entoprocta are maintained as a phylum distinct 
from the Ectoprocta’’. 

The volume reaches the high standard of all 
McGraw-Hill publications. Its cost in Britain is 
certainly very high, but its value as a compilation 
of up-to-date knowledge is undoubted. All zoologists 
will wish Dr. Hyman renewed health so that she may 
complete the great task she has set herself, and 
will look forward to the next volume, which is to deal 
with the Mollusca. N. B. Eaes 


MODERN THEORY OF THE 
INTEGRAL 


An Introduction to the Theory of Integration 
By Prof. Adriaan C. Zaanen. Pp. ix+254. (Amster- 


dam: North-Holland Publishing Company; New 
York : Interscience Publishers, Inc., 1958.) 50s. 
ROF. ZAANEN’S reason for adding to the 


considerable number of books surveying the field 
of modern integration, from the classical Lebesgue 
theory to the developments of Radon’s extension 
of this theory to abstract spaces, is that such accounts 
generally rely either on the approach through measure 
theory or on the concept of the linear functional ; he 
wishes the young analyst to be familiar with both 
procedures. Thus after a brief preliminary section on 
set theory, he defines measure over a semi-ring and 
builds up a more general measure by an extension 
procedure ; then Stone’s method of defining the 
Daniell integral as the extension of a linear functional 
over the class of step functions is seen to be practi- 
cally a special case of the extension procedure for 
measure. The author gives plenty of illustrations, 
particularly helpful in showing how the older theory 
fits into the more modern, so that, for example, the 
extension procedure applied to the Riemann integral 
yields the Lebesgue integral. Fubini’s theorem on the 
reduction of a multiple integral to repeated integra- 
tions is carefully studied, as is the tedious but impor- 
tant Radon-Nikodym theorem, which may _ be 
regarded as a very high-level version of the change 
of variable in an integral. Later chapters give some 
applications, such as unitary transformations in 
Hilbert space, and ergodic theory. Measure over a 
Boolean algebra is excluded, but Carathéodory’s 
book is available; and integration over a locally 
compact space and the related Haar measure are 
omitted, since an account of the relevant topology 
would have substantially increased the size of the 
volume. 

The exposition is clear and precise, provided the 
reader pays unremitting attention, and provided he 
does not neglect the exercises, an integral part of the 
text. ‘‘The student who omits them is like the man 
who, when attending an excellent dinner, wants to 
race through the main courses only, and (under the 
misapprehension that it is merely the nourishing 
value that counts) refuses to touch the wines and 


little delicacies which are offered him’’?; and the 


author is offering Montrachet, not Coca-Cola. 
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INTERNATIONAL CYTOLOGY 


International Review of Cytology, Vol. 7 

Edited by Prof. G. H. Bourne and Prof. J. F. 
Danielli. Pp. x +684. (New York: Academic Press, 
Inc., 1958.) 16 dollars. 


Enon volume, issued under the auspices of the 
International Society for Cell Biology, is probably 
the most valuable and interesting of the series, 
of which it is the seventh. Among the well. 
known contributors are Don W. Fawcett, Francoise 
Haguenau, Johannes Rhodin, F. G. Spear and Pau! 





Weiss. The articles by Spear on the biological effects 
of radiation and by Ilse Lasnitzki on carcinogens, 
hormones and vitamins in organ cultures are topical 
in view of widespread interest on the effects of atomic } 
tests, and of cigarette smoking. Spear gives a com. 
prehensive historical review on radiation physics, the 
general response of living tissues to radiation and 
radiation chemistry, and has cleared the ground for 
a new approach to this field. He quotes J. A. V. 
Butler: ‘We are at the moment in the position of 
a man who tries to elucidate the mechanism of a 
telephone exchange by throwing bricks into it and 
observing some of the results’. Naturally, Spear’s 
section on the possibilities of chemical protection 
against radiation effects is of considerable interest. 
A number of chemical and physical agents are claime: 
to have such protective action in certain cases. He 
lists cysteine, glutathione, BAL, thiourea, glucose 
and ethanol. The intimate cytological results of 
radiation could not be examined more than cursorily 
by Spear. Many years ago M. J. D. White discovered 
as a by-product of his work on the effects of X-rays 
on the maturation phase of locusts that in many 
cases the single sperm ‘middle-piece’ became double, 
triple or even quadruple. Recent work at the Argonne 
National Laboratory, by Tahmisian’s group, working 
under the auspices of the U.S. Atomic Energy Com- 
mission, has shown that the insect ‘middle-piece’ 
arises from a number of separate bodies which norin- 
ally fuse to form the ‘neck body’ ; radiation prevents 
their fusion, but does not prevent their growth. 
Further work along these lines with electron micro- 
scopy should be fruitful. 

Ilse Lasnitzki, using the watch-glass plasma- 
extract clot technique of Fell and Robison, has in- 
vestigated the effect of carcinogenic hydrocarbons on 
human foetal lung, and mouse prostate, the influence 
of sex hormones on embryonic development of scx 
organs, and the changes produced by vitamin A. 
Lasnitzki provides some remarkable photomicro- 
graphs of the effects of 3,4-benzopyrene from cigarette 
smoke, on the bronchiolar epithelium. Carcinogenic 
hydrocarbons and sex hormones stimulate cell division 
in basal cells of skin and vagina, and thus induce 


abnormally high proliferation. 
The section by Francoise Haguenau, a dis- } 


tinguished member of the French School of electron 
microscopy, goes into the question of ergastoplasm 
or endoplasmic reticulum. The name ergastoplasm 
was coined by Garnier (1897, 1899) for the Nebenkerne 
in gland cells. His work was amplified by other 
members of the Nancy School of Histology, 
such as Prenant and Bouin. Copies of their figures 
occur in many of the major works on histology. 
Happily, Haguenau also mentions the contributions 
of the Japanese cytologist Sakae Saguchi in this con- 
nexion. Electron microscopists entered the field, 
and by about 1947 really good electron micrographs 
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of gland cells had begun to appear, pioneer werk 
being carried out at the American National Cancer 
Institute by Dalton et al., and at the French Cancer 
Institute at Villejuif by Oberling’s group. The way 
was then open for the excellent high-resolution 
studies by the Swedis workers under Sjéstrand, and 
by the active Rockefeller group led by Porter. 
During this enriching period, a controversy arose on 
nomenclature as a result of the continued use of 
Porter’s term ‘endoplasmic reticulum’, which the 
Americans in particular believed proper to describe 
the ultrastructure of the classical ergastoplasm dis- 
«overed by the French. Space allowed to the reviewer 
ors not permit further reference to this topic, but 
fasuenau remarks, “It has been emphasized that 
he general acceptance by electron microscopists of 
the word ergastoplasm, in its original context would 
do much to bring order to the present terminological 
confusion”’, 
lyon W. Faweett writes on the structure of the 
nuimmalian sperm as determined by electron micro- 
scopy. Naturally with the higher magnification and 
excellent resolution of the modern electron micro- 
scope, recent authors provided with these blessings 
have been able to better the often pathetic past 
efforts of the optical microscopist in this field. 
Nevertheless the electron micrograph has not pro- 
duced any new basic facts except possibly for 
recognition of the peculiar lamellation of the Golgi 
) paratus—yet Pollister (Vol. 6 of this series) claims 
that Jan Hirschler did understand that the Golgi 
apparatus was essentially a lamellated structure. Of 
creat interest to-day in the structure of the meta- 
orphosing spermatid is the neck region. Fawcett 
holds that the base of the flagellum is connected to 
the head by a segmented body that is probably a 
zshly modified distal centriole, but the reviewer has 
vet to see any micrograph of this region which does 
not show a special neck body, centriole adjunct, 
archoplasm (Grassé, Carasso and Favard), ete., which 
+ material separate from the proximal centriole. 
In fact, the electron microscope has shown that the 
head centriole is not the major attachment area of 
head and flagellum—there is a separate structure or 
packing which reaches its highest state of develop- 
ent in insects. There seems to be no recent evi- 
dence that the centriole divides more than once in 
normal spermatogenesis. It must now be admitted 
that the mammalian post-nuclear body and the 
neck body or centriole adjunct are different struc- 


( 


ues, 
Paul Weiss discusses cell contact—that is, (1) con- 
tact relations between cells and their physical sub- 
strata, (2) the mutual reactions of cells on contact 
with one another and (3) the transmission of specific 
agents and influences from one cell to another by 
divect contact. Weiss considers a cell to be in contact 
with another body not only if the two surfaces are 
1 direct apposition, but also if they are separated 
& narrow space occupied by a molecular popula- 
ion the free mobility of which is restrained. In his 
lisual suggestive manner, Weiss has investigated the 
obbin’ structures at cell interfaces of epidermal 
its, and goes on to discuss the possibility that in 
ancer cells undergoing metastasis there is a close 
elation between loss of specific surface contact on 
ne hand and mobilization and proliferation on the 
her. Mobilized normal cells, after recovering 
co-aptive relations (for example, epithelia meeting 
their own kind), cease to proliferate, whereas cancer 
cells under comparable conditions evidently do not. 


ot 
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Weiss omits mention of the paper by Dalton, Kahler 
and Lloyd (Anat. Rec., 111; 1951). 

Papers emanating from Sjéstrand’s laboratory 
have been marked by helpful interpretative drawings 
which can only be made up by close study of many 
micrographs. These drawings will be used gratefully 
by authors of histology books. Johannes Rhodin’s 
study on the anatomy of kidney tubules is a good 
example of Swedish work, the diagram on page 506, 
Fig. 14, being excellent. The studies on kidney by 
Pease, Dalton, Rhodin and others can now be 
followed by experimental work. 

Another paper from the Karolinska Institutet is 
by Hans Engstrém and Jan Wersall. Engstrém is a 
practitioner in the ear, nose and throat clinic of 
the University of Gothenburg, yet has managed to 
collaborate in this erudite study of the structure 
and innervation of the inner-ear sensory epithelia. 

A further paper is by L. M. J. Rinaldini, of the 
University of Cordoba, Argentina, whose work was 
carried out at the Strangeways Research Laboratory, 
Cambridge. No doubt Rinaldini will read Weiss’s 
article with appreciation, as the two valuable papers 
have certain meeting points. Rinaldini has covered 
a great deal of difficult ground in an interesting 
manner, and of all the papers here mentioned, 
this has needed the widest grasp of the inter- 
national literature on biochemical and _ biophysical 
cytology. 

The supposed hypothalamo-neurohypophysial neuro- 
secretion has been carefully considered by J. C. 
Sloper, of the Charing Cross Medical School, London. 
The subject of neuro-secretion is one that is largely 
made up of doubtful histology and worse cytology. 
Degenerate and effete cells stain darkly in toluidine 
blue, iron hematoxylin, etc.—these are supposed in 
some cases to be neurosecretory, whereas to the re- 
viewer the most convincing vertebrate nerve cell 
secretions are those demonstrated by electron micro- 
scopy by Palay, Van Breemen, J. D. Green and others. 
In the case of the sympathetic neurones of the mouse, 
similar fine ‘secretory’ bodies exist in animals a few 
days old, and soon disappear; older cells become 
packed with formed bodies which are heaped aggrega- 
tions of effete mitochondria lying mainly at the 
axon end of the nucleus. Sloper remarks that future 
investigations will be facilitated by a more exact 
knowledge of the nature of ‘neurosecretory’ maiter- 
ial, and he feels unable to equate the several 
categories of inclusions demonstrated by various 
workers. 

The remainder of this volume has papers on the 
‘“‘Lymphocyte”’, by O. A. Trowell of the Radiobio- 
logical Unit at Harwell, on ‘‘Autoradiographic Studies 
with S%5-Sulphate’’, by D. D. Dziewiatkowski, of the 
Rockefeller Institute, on ‘Recent Advances in the 
Study of the Kinetochore” (centromere), by A. 
Lima-de-Faria, of the Institute of Genetics of the 
University of Lund, and finally on ‘‘Lamellibranch 
Muscle”, by J. Bowden, of the Anatomy Department 
of the Queen’s University, Belfast. These valuable 
studies are all of the highest standard, and it is 
regrettable that they cannot be reviewed here at 
length. 

Looking back on the various volumes of this series, 
which have appeared under the guidance of Bourne 
and Danielli, one is impressed with the fact that the 
problems encountered in the study of the living cell 
nowadays seem to become more complex and more 
insoluble. It would be pretentious for us to think 
otherwise. J. BRONTE GATENBY 
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A Defence of Free Learning 
By Lord Beveridge. — Pp. 
Oxford University Press, 1959.) 


xiv + 146. 
18s. net. 


(London : 


N this book Lord Beveridge has drawn in the main 

on the documents collected for their work by the 
Academic Assistance Council and the Society for the 
Protection of Science and Learning to give a sober 
but moving narrative of twenty-five years work in 
Britain to help university teachers and scholars 
driven from their work on political or racial grounds. 
It is not a philosophical or theoretical argument for 
academic freedom but a factual account of what has 
been done in Britain alone, beginning with the 
expulsions from Germany initiated by Hitler in 1933 
and continuing down to the problems presented by 
the intolerance persisting after the Second World 
War, including the Hungarian persecution of 1956-57. 
It is a story little known outside the universities and 
is told without embellishment, save, perhaps, where 
in his concluding chapter “The Folly of Tyrants”, 
Lord Beveridge, summarizing, points to the rich 
harvest which Britain has reaped by her reception of 
these refugees. There are indeed some dark places in 
the story and Lord Beveridge does not attempt to 
conceal them. On the other hand, he not 
overstress them and points out fairly enough that, 
even in the darkest hour of 1940, there were always 
those in Britain ready to protest vigorously against 
administrative error or tardiness and to insist on the 
revocation of stupid decisions. Five debates in the 
House of Commons in less than eight months of 
desperate war testify to a sense of justice and a 
vigilance of which Britain has a right to be proud. 
The most moving chapter is, perhaps, that entitled 
“Wandering Scholars’, in which Lord Beveridge 
sets forth some of the typical experiences of these 
scholars collected from their replies to an inquiry 
sent out in June 1958. No eloquence could make the 
human issues plainer, nor is more needed by way of 
argument to demonstrate that here is a continuing 
problem calling for forethought and imagination, as 
well as practical help if its difficulties are to be resolved 
and some of the existing gaps, notably in relation to 


does 


professional work, are to be closed. 

In writing this book, Lord Beveridge has added 
to the debt which Britain as well as wandering scholars 
owe him and his colleagues, first on the Academic 
Assistance Council and then in the Society for the 
Protection of Science and Learning. 

R. BRIGHTMAN 


Systematic Mineralogy of Uranium and Thorium 
(Bulletin 1064, U.S. Geological Survey.) By Clifford 
Frondel. Pp. viii+400. (Washington: U.S. Govt. 
Printing Office, 1958.) 1.50 dollars. 
the past ten years an intensive investigation 
into the mineralogy of uranium and thorium, 
undertaken in connexion with economic studies of 
radioactive ore supplies, has been in progress in the 
laboratories of the U.S. Geological Survey, the U.S. 
National Museum, and the Mineralogical Department 
of Harvard University. The vast amount of new 
information forthcoming from these researches has 
now been assembled by Prof. Frondel of Harvard, in 
a monograph which is quite the most outstanding 
work among the half-dozen or more major text-books 
on radioactive mineralogy that have appeared in 
the U.S.S.R., North America and France during the 
past two years. Each of close on a hundred mineral 


species is very fully described according to its 
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synonymy, composition, crystallography and crystal 
habit, physical and optical properties (with X-ray 
powder diffraction interplanar spacings), synthesis 
criteria for identification, mode of formation, and 
natural occurrence. Comprehensive determinative 
tables are given in an appendix and there is a biblio- 
graphy of 800 items. Although the work has been 
three years in the press and thus gives no account of 
the most recent discoveries, no earlier book in this 
field has achieved anything like the same coverage 
and certainly none can parallel this inexpensive 
Bulletin in accuracy of data and freedom from 
misprints. Most of the opaque multiple-oxide 
minerals of uranium, other than species of economic 
importance such as brannerite, davidite, and the 
pyrochlore-microlite series, have still to be studied 
in detail; for the rest, the many geologists and 
mineralogists now concerned with uranium ores will 


unhesitatingly accept this monograph as_ their 
foremost authority. C. F. DAvipson 


Numerical Analysis and Partial Differential Equa- 
tions 
By George E. Forsythe and Paul C. Rosenbloom. 
(Surveys in Applied Mathematics, Vol. 5.) Pp. x 
204. (New York: John Wiley and Sons, Ine. ; 
London : Chapman and Hall, Ltd., 1958.) 60s. net. 
HIS survey contains two unrelated essays. In 
the shorter of the two, Forsythe summarizes 
recent work in numerical analysis, with special 
references to developments in the U.S.S.R. There is 
an account of the chief Russian automatic computers. 
details of which have been available only in the past 
two or three years. Forsythe also stresses the skill 
with which Russian workers have brought to the 
service of numerical analysis some of the most up-to- 
date tools of pure mathematics, such as constructive 
function theory and functional analysis. The 
bibliography is helpfully selective rather than blind] 
comprehensive, and the author’s comments on the 
various items are crisp and efficient. 

Rosenbloom’s essay does not attempt to describe 
all recent contributions to the study of partial 
differential equations, but it gives a valuable indica- 
tion of the way in which the theory of function spaces 
and the transform calculus have yielded fresh results 
about elliptic and parabotie equations. The young 
research worker should find this a helpful guide to 
some of the main lines of advance ; the bibliography. 
of some 700 items, may well frighten the novice, and 
some further annotation would have been an advan- 
tage. T. A. A. BROADBENT 


Clinical Biochemical Method 
By Dr. A. L. Tarnoky. Pp. x+239. 
Hilger and Watts, Ltd., 1958.) 50s. net. 
OST large clinical biochemistry laboratorics 
have their own particular methods for routine 
examinations, or more likely use modified classical 
ones in the light of their experience. Dr. A. L. 
Tarnoky’s book describes the methods used routinely 
in his laboratory at the Koyal Berkshire Hospital. 
It is a straightforward bench manual giving most of 
the usual tests arranged in alphabetical order. Each 
test is described under the headings of principle. 
specimen required, method, result, normal value. 
reagents required and remarks. There is a small 
but valuable appendix which gives procedures for 
checking analyses in a laboratory, lists of books and 
references and a list of manufacturers. There are 


(London : 
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diagrams ; for the class of worker who 
would most depend on this book, spectroscopic charts 
and illustrations of electrophoretic patterns, for 
example, would have been of great value. Again, the 
omission of any mention of paper chromatography 
or of serum transaminase tests is noticeable. On the 
other hand, the directness and simplicity of the text 
are much to be commended. 

This book will be very useful to technicians, clinical 
pathologists and doctors in smaller hospitals in 
Britain and overseas, and to medical research workers 
who need to do routine clinical biochemical tests as 
part of a larger research scheme. It forms a useful 
addition to the larger and more well-known text- 


only a few 


books of clinical biochemistry. 
D. S. H. W. Nico 

Biological Laboratory Data 
By Dr. L. J. Hale. (Methuen’s Monographs on Bio- 
logical Subjects.) Pp. x+132. (London: Methuen 
and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1958.) 158 net. 
gee intended as laboratory aids are by no 

means rarities and cover a great variety of 
subjects, while they range in their appeal from the 
beginner to the advanced research worker. This 
book falls rather into the latter category and it has 
some unusual features which single it out among those 
devoted to the biological sciences. The emphasis on 
the mathematical side, for example, is conspicuous. 
Out of a total of one hundred and twenty-seven pages, 
twenty-three deal with mathematical data, twelve 
devoted to statistical data and formule and 
thirty-five to physical and chemical data. This is not 
an overweening proportion but it is more extensive 
than in most books of this size and type and the 
material is very handily presented. 

The result, however, has been somewhat to repress 
the more strictly biological matter, so that cultural 
methods for the laboratory get only seven pages, 
inclusive of a page of references to other works, 
while histological and histo-chemical data cover only 
fourteen pages. This seems meagre considering the 
enormous amount of such data available and a better 
balance might easily be achieved. There is no doubt, 
however, of the value of the material which the book 
contains and the mathematical sections alone should 
ensure it a wide popularity among biologists, who so 
often feel the need of guidance in that field. 

R. C. McLEAn 


are 


The Salmon 
sy Dr. J. W. Jones. (New Naturalist Special Volume.) 
Pp. xvi+192+12 plates. (London: William Collins, 
Sons and Co., Ltd., 1959.) 18s. net. 
N the whole Dr. Jones has written a readable 
book. The chapters dealing with the spawning 
of adult salmon and young males are the best in the 
book, as it is there that Dr. Jones has drawn largely 
from his own work and experiences. An important 
chapter is devoted to scale reading from which 
many of the details of the life-history of the salmon 
have been discovered. 

The chapter on “Salmon in the Sea” is frankly 
disappointing, as sufficient use has not been made of 
the information amassed in the past thirty years, so 
the reader does not get a clear picture of the long 
migrations which salmon often make when returning 
to the river of their birth. 

Other chapters deal with the early life of the 
salmon, the return to the river, the return to the sea 
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and the salmon river. The book is completed by four 
useful appendixes dealing with the characters of 
salmon and trout and their hybrids, a key to the 
genera of the Salmonidae, etc., a description of the 
parasites of salmon and methods of estimating 
lengths from seales. Serious readers will also find the 
bibliography of value in their more extensive reading. 
One serious criticism of the book I have to make is 
that many of the illustrations are poor. The publishers 
inform us in a note opposite the title page that in this 
series of publications ‘‘the animals and plants are 
described in relation to their homes and _ habitats 
with the help of fine photographs’; the italies are 
mine. Plates 4, 5, 6 and 7 are certainly not based 
on fine photographs as I have often seen better in 
angling magazines. ARTHUR E. J. WENT 


Nitration of Hydrocarbons and other Organic 

Compounds 
By A. V. Topchiev. Translated from the Russian by 
Catherine Matthews. Pp. vi+329. (London and 
New York: Pergamon Press, 1959.) 90s. net. 
FT RANSLATIONS of foreign texts are seldom 

I successful unless carried out by workers in the 
same field with freedom to incorporate recent material. 
The pitfalls are well illustrated by this book, which is 
both out of date and unreadable. There are one or 
two references to papers published early in 1954, 
but none to the more recent literature. Since much 
work of fundamental importance to this field has 
been published during the past five years the book 
is of little value as an account of the subject, although 
it does contain a rather complete account of the 
earlier literature and a useful summary of Russian 
papers that are not readily accessible in Britain. 

It is most unfortunate that the distinguished author 
of the book could not have been persuaded to revise 
it during translation. M. J. S. Dewar 


Commonweaith Universities Yearbook, 1959 
Pp. xxvii+1407. (London: Association of 
versities of the British Commonwealth, 1959.) 
13 dollars. 
FY HE invaluable “Commonwealth Universities 
Yearbook”’ is now in its thirty-sixth edition. 
There are no major changes from last year’s edition, 
when the new enlarged format was introduced, but 
the size has increased from 1365 to 1435 pages, mainly 
in order to accommodate expansions in university 
staff. 

The University of Sherbrooke in Canada and Sardar 
Vallabhbhai Vidyapeeth in India are mentioned for 
the first time, and the University College of Fort 
Hare in South Africa now has a complete entry. Two 
events which occurred in Australia as the book was 
going to press are also mentioned briefly : the found- 
ing of Monash University in Victoria and the trans- 
formation of the New South Wales University of 
Technology into a multi-faculty University of New 
South Wales. 

The valuable essays in higher education in the 
various countries have been brought up to date, 
and where necessary additions have been made to 
the maps showing where the universities are located. 

New features of this edition include a full-length 
summary of admission requirements by the Canadian 
Universities, and information on the transfer courses 
at certain British universities whereby students who 
have previously studied arts subjects can switch to 
science. 


Uni- 
84s. : 
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BEHAVIOUR IN CONVENTIONAL AND EXTRA-TERRESTRIAL 
FLIGHT 


SOME FUTURE ASPECTS OF AVIATION MEDICINE 


By AIR COMMODORE W. K. STEWART, C.B.E., A.F.C. 


Royal Air Force Consultant in Aviation Physiology, Institute of Aviation Medicine, 
Royal Air Force, Farnborough 


VIATION medicine is the normal clinical 

practice of medicine as applied to the special 
circumstances of flight ; but in this survey it refers 
to the basic sciences of physiology, psychology and 
biochemistry. 

The growth of aviation medicine has been largely 
due to preceding advances in combustion, aero- 
dynamics and metallurgy ; in turn, these advances 
were the result of operational plans, either civil or 
military. At the present time, most aircraft or 
missiles appear to have a cycle of approximately 
ten years for the stages of planning, development 
and production, and it is reasonable to assume that 
some such cycle will be entailed in the future. Past 
experience in the conduct of biological research has 
indicated that such a period should be sufficient for 
the production of the major contributions from avia- 
tion medicine. It is also sufficient for the design and 
installation of the capital equipment required, both 
for fundamental] and applied work. 

It has become clear, however, that a significant 
contribution to a particular phase of the programme 
will depend on adequately trained staff. No institute 
or laboratory of aviation medicine will survive in the 
future if it lacks staff of the proper orientation in the 
relevant biological disciplines. 

Since these are likely to be of a complex kind, 
skilled research workers will be correspondingly few 
in number. It is held, therefore, that it is necessary 
to plan future activities in aviation medicine so as 
to ensure the early derivation of biological information. 


Survey of Some Future Problems 


For the purpose of this review, it will be assumed 
that manned aircraft will continue to be used in an 
era of unmanned ballistic missiles, or vehicles, and 
later in an era of orbital-manned vehicles. Such 
aircraft may be hypersonic, may operate at low 
altitudes, or in the outermost layers of the atmosphere, 
for short or very long durations. They will subject 
their occupants to stresses and _ environmental 
changes, different in degree, but on the whole basically 
similar to those of contemporary aircraft, and this, 
to some extent, may be also true for orbital-manned 
vehicles. 

The experience gained in the past fifteen years in 
applied physiology and psychology is sufficiently 
extensive to encourage the belief that problems arising 
in these disciplines can be successfully solved, since 
the techniques involved and equipment necessary can 
be foreseen to a considerable extent. 

For extra-terrestrial flight, many of the problems, 
weightlessness, for example, can only be solved either 


by extrapolation from poorly quantified data, or by 
direct experience. 

Hazards such as the effects of corpuscular radiations 
and cosmic rays will almost certainly be a more 
worthwhile sphere for laboratories of physics than 
for an institute of aviation medicine. In considering 
the philosophy of extra-terrestrial flight, it is always 
difficult to justify biological participation since apart 
from the remote possibility of acquiring data of 
importance to microbiology, it is unlikely that 
purely physiological studies will advance general 
knowledge in proportion to the cost of the venture. 

The proper function of biological researches is 
undoubtedly to further manned exploration of the 
upper atmosphere or beyond, and even here it is wise 
to hesitate in considering, not whether this is feasible, 
but whether it can ever lead to more than an ad hoc 
determination of the ultimate limits of man’s 
endurance. 

However, the value of manning a satellite may 
ultimately depend on those functions of the central 
nervous system which are difficult to simulate, either 
in absolute terms or in size and weight. It is probable 
that what a man can be expected to do in a satellite 
could only be determined by actual experience ; 
but it is unfortunate that the environmental condi- 
tions which he will encounter are those most likely 
to affect the logical and purposive functioning of the 
brain. 

The problem here is that the behaviour of animals 
and man is still very far from being understood ; 
aberrations of behaviour in flight are still more 
difficult to investigate, and if any occur in the 
occupant of a satellite the determination of their 
basis might be quite impossible. Clearly, advance- 
ment of such knowledge would be of benefit, not only 
to those nations with official programmes of the 
‘man in space’, but also to aviation in general, and 
would constitute a field in which expenditure of 
effort and money would be justified. 

Every practitioner of aviation medicine has some 
acquaintance with cases of abnormal behaviour in 
flight. For many of these cases, no simple answer 
can be given, although they are commonly referred 
to as ‘manifestations of disorientation’, but analysis 
of near accidents has shown a higher frequency than 
suspected of misinterpretation of visual information 
and illusions of different kinds. 

Some of these illusions were hypnagogic in nature : 
others led to panic or startle reactions. Some were 
obviously associated with reduction in sensory input 
and probably an element of perceptual conflict. In 
future manned flight, there will be an increased 
exposure to the factors probably initiating such 
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changes in behaviour. It has therefore become 
mandatory to review their relationship to physiol- 
ovical mechanisms, and to try to determine the 

imary stimuli for chains of reaction. Do disorders 

behaviour determine physiological events, or is 
it necessary to postulate underlying abnormalities 
in the neuro-physiological or homceostatic spheres ? 
l'robably both mechanisms are implicated at different 
tunes. 

The classical problems of behaviour in flight, such 
as fear and fatigue, are entirely material to this 
argument. Hence it is essential to derive such 
advances in knowledge that adequate theories can 
be constructed, adequate in the sense that they can 
produce methods of prediction of alterations in 
learned behaviour under stress, whether this stress 
be neurogenic or systemic in origin. The purpose of 
this review is to indicate some avenues of research 
which could be explored and which might prove of 
value, not only in conventional aviation medicine, 
but also in what is rather loosely termed ‘space 
medicine’. 


Survey of Brain Mechanisms 

It is impossible to prophesy how far theories of 
integration of nervous action will have advanced in 
the era of the hypersonic aircraft and manned 

iissiles, and it is therefore probably legitimate to 
commence with Hebb’s! ideas concerning the con- 
ceptual nervous system. He related tho function of 
the brain-stem, or arousal system of Moruzzi and 
Magoun?, to the level of the ‘cue’ function in learning. 
For general reviews of the physiological and_psy- 
chological aspects those of Jasper, Gloor and Milner? 
or Duffy* should be consulted. 

Stress. It is proposed to regard stress from the 
point of view of Fortier’ and Fortier e¢ al.*, namely, 
that there are basically two types of stress—neuro- 
genic, initiated through perceptual and 
systemic, initiated through chemical and metabolic 
processes. In both, the hypothalamus appears to 
influence anterior pituitary secretion via the hypo- 
physeal portal vessels. Permanent interruption of 
these vessels lowers the normal rate of secretion of 
adrenocorticotrophic hormone, abolishes reflex secre- 
tion of adrenaline in response to stress and also that 
of the gonadotrophic and thyrotrophic hormones. 
There are indications that the tasks of flight can be 
regarded in these terms as a stressful occupation, 
with enhancement of the secretion of adrenaline and 
noradrenaline, of the output of 11- and 17-ketosteroids, 
or uro-pepsinogen accompanied by alteration in 
gastric function. 

It has not, however, been possible to state that the 
degree of stress represented by biochemical findings 
is of unusual severity or to relate them to the degree 
ot fatigue experienced. The fact that aircrew trainees 
hyperventilate more or excrete more ketosteroids 
than their instructors may merely represent higher 
levels of arousal than higher intrinsic levels of stress. 
If stress and arousal be synonymous, then it may be 
necessary to postulate that certain forms of learning 
ct represent stress also. Unfortunately it is impos- 
sible to investigate the immediate physiological 
reactions of man exposed to an overwhelming event 
ch as a major loss of control in the air. 

Further, the physiological parameters which had 
heen investigated in the intact man are second- or 
even third-order variables ; but this does not deny 
the importance of techniques, such as those of Malmo 
It would seem to be important 


processes, 


and his associates’. 
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to extend their approach possibly by applying 
techniques, such as Merton’s’, in order to derive 
more fundamental knowledge of how anxiety may 
alter reflexive physiology. 

If a given level of arousal be equated with stress, 
then a reduced sensory environment should also, 
from some points of view, be regarded as stressful. 
In future aircraft or vehicles, in which such factors 
may well operate, and may be enhanced by fatigue, 
there will also be the interposition of alterations in 
environmental and temporal rhythms. Both these 
states may be found in nuclear-powered aircraft as 
well as satellite or orbital vehicles, and some under- 
standing of their inter-relationship is certainly 
necessary. The approach of Lewis and Lobban® into 
biochemical aspects of alterations in environmental 
time should be combined with that of Bexton, Heron 
and Scott!® into the intellectual effects of perceptual 
isolation. 

Behaviour during stress. In the future it will be 
important to ensure that memory and learning will 
remain as stable as possible during acute stress 
occurring in a crucial period of a sortie. 

Tyhurst’s!! study of behaviour in disaster situations 
on the ground is especially significant in that 75 per 
cent of individuals affected showed definite impair- 
ment of decision-taking, and it is likely that in any 
normal population of aircrew there must be a signi- 
ficant proportion of men who would evince similar 
reactions. Even if the motivation and training are 
different, it would be desirable for their safety to 
select crews in which the ‘cue’ function alters as 
little as possible with high levels of arousal. In 
order to do this, much more knowledge will have to 
be acquired by neurophysiologists. 

Vogt!? has pointed out that not only are the 
hypothalamus end the reticular activation systems 
of the brain-stem particularly rich in sympathin 
content but also that loss of this content is accom- 
panied by an increase in secretion from the adrenal 
medulla. It may also be significant that the non- 
specific thalamic nuclei contain more than three times 
as much sympathin as the specific thalamic nuclei, 
since Mahut!* has demonstrated that electrical 
stimulation of the non-specific intralaminar nuclei 
can produce learning deficits in rats provided that 
stimulation occurs within a given period of the 
activation of the cell-assemblies concerned. 

Activity in the arousal system does not stop 
abruptly following a sensory stimulus, probably 
because of release of adrenaline. Rothballer'’ has 
determined that the system is likely to be composed 
of adrenaline-sensitive elements which give an 
immediate arousal effect upon the electroencephalo- 
graph, and other adrenergic or transmitter elements, 
which are responsible for the long-lasting effects. In 
any stressful situation such as flight, the level of 
arousal is probably at an optimum as a result of 
prolonged training; it is also envisaged that the 
level of circulating adrenocorticotrophic hormone 
and the feed-back control of the blood value of 
adrenocortical hormone are also stabilized at a high 
normal value. What happens to this system when 
a new situation arises in flight which may have 
originated from lapses in attention or perceptual 
conflict ? 

It can be postulated that corticofugal impulses 
along the descending pathways to the arousal system}5 
may reduce its noradrenaline content and initiate 
the reflex discharge of adrenaline from the adrenal 
medulla ; and the new level of circulating adrenaline 
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may affect adversely the stability of the arousal 
system. 

It is important to consider that the neurogenic 
stimulus must be maximal, and the rate of build-up 
of disorganization of perception must be sudden. 


Too often one elicits histories of near-accidents of 


this type: “I have been teaching jet instrument 
flying for some time with complete confidence in the 
right things happening if the right control movements 
are made; but on this occasion, panic and delusion 
completely took control of my faculties, and I was 
unable to think and act as I knew I should’’. Here 
is a sudden misapprehension leading to a sudden 
effector activity and the rapid rate of loss of control 
in high-performance aircraft only reinforces the 
“panic and delusion”’. 

Despite the fact that the injection of adrenaline 
into the lateral ventricles of cats produces behavioural 
effects similar to light barbiturate anzsthesia'®, and 
despite the probable existence of neurohumoral loops 
as postulated by McDermott et al.17, how does the 
disorganization of integrated behaviour arise ? 

Milner!* has further elaborated Hebb’s theory in 
the light of recent advances in neurophysiology, and 
in particular with introduction of the concept of 
neural inhibition as an active process. This has been 
demonstrated in the spinal cord on mono-synaptic 
reflexes by Eccles and his co-workers!*, both by 
physiological and pharmacological techniques (Curtis 
et al.2°) and in the neurones of the motor cortex by 
Lae, 

Even if it is difficult to extrapolate from observ- 
ations on single neurones by micro-electrode tech- 
niques to the organized behaviour of the whole 
animal and thence to man, the fact that active 
inhibition can be demonstrated in neurones is of 
extreme importance. But does one require to 
postulate the presence in the central nervous system 
of substances which appear to have an inhibitory 
action upon dendritic function®? ? 

The maintenance of efficient performance in 
future tasks will depend to a considerable extent on 
whether there is impairment of attention or vigilance 
by either fatigue or stress. Mackworth** has 
demonstrated the importance of vigilance in work 
tasks, and it may be postulated that in any form 
of ballistic vehicle there may well be increased lag 
in perceptual feed-back with an enhanced rate of 
impairment in vigilance. 

This is related to two neurophysiological problems 
in the mechanism of attention: Where and how does 
the inhibition of a sensory input occur when a more 
effective perceptual stimulus is presented ? And what 
is the relationship to habituation ? 

Sharpless and Jasper*! have already shown that 
habituation occurs readily in the arousal system 
when a tone is presented repetitively, but that 
re-arousal occurs when the frequency of the tone is 
altered. This is a situation well known to aircrew, 
who may first gain cognizance of an impending 
emergency from aberrant noise in the engine. 

In the conscious animal, neurophysiological tech- 
niques such as indwelling micro-electrodes are of 
the greatest importance to the elucidation of these 
problems, particularly when the experimental orien- 
tation includes psychological constructs. There are 
also indications that neuropharmacology may well 
be implicated. 

Hebb** has summarized the data on the function 
of acetylcholine in the central nervous system by 
stating the situations or cell-masses to which it 
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appears to be limited. There may be significant 
contributions to theory if there were any relationship 
between the rich content of acetylcholine in the 
caudate nucleus and the selective impairment of the 
delayed alternation response in the monkey produced 
by stimulation?*. Acetylcholine, as well as adrenaline, 
has a direct action upon the neurones of the reticular 
system?’, and both drugs have no direct effect upon 
specific sensory projection systems. The use of 
micro-injection techniques might elicit much data 
which may elucidate the physiology of the central 
of sensory inflow. Dawson?® has reviewed the 
evidence for the existence of mechanisms of this 
nature which suggests that there might be a continual 
control on afferent sensory transmission from centres 
in the cortex, brain-stem or cerebellum. 

Since attention is a much more subtle process than 
can be accounted for by the arousal system, a con- 
trolled sensory block is of great interest and may be 
the basis for the direction of perception or the 
selective use of cues. However, arousal does tend to 
depress evoked cortical potentials in an ‘unattended’ 
sensory modality and an element of behavioural 
alarm may be essential for some of the inhibitory 
changes which accompany shifting of attention?®. 

Neurophysiological studies of such changes should 
further. the establishment of psychological theories 
of attention. 


Inter-Disciplinary Research 

If it were possible to measure in any individual, 
values for learning or ‘cue’ functions, in relation to 
values of arousal as affected by environmental or 
emotional processes, then some estimate of the 
probable stability of an individual’s behaviour during 
exposure to neurogenic stress might be obtained. 

A general approach could be adopted initially in 
which pilots who have experienced certain types of 
near accident could be compared with pilots who 
have not had illusions in flight. Some techniques are 
more appropriate than others ; Stennett®’ has shown 
that an inverted U relationship exists between 
performance-level and level of arousal, using as 
criteria palmar conductance, electromyographic 
gradients and the alpha component of the electro- 
encephalograph. It is probable that such techniques 
would merely give group identification, and the 
relative placing of any one individual within a 
group would not be sufficiently accurate for practical 
purposes. 

For more detailed investigation, use could be 
made of flight simulators of modern type situated 
in a reduced sensory environment. The aim would 
he to repeat in some degree the observations of the 
Cambridge Cockpit Group, and when fatigue had 
resulted in lapses of attention, or decrease in vig- 


ilance*!, to introduce a_ perceptual conflict in 
orientation. Not only would such methodology 


require development, but also physiological variables 
should be recorded which show less temporal 
independence than the electroencephalograph ani 
palmar conductance. 

In order to investigate the effects of neurogenic 
stress upon man, methods of inducing fear or anxiety 
ere obviously required, other than the usual ones of 
incentives or pain*?, Again, use can be made of 
isolation, by immersion in water**. If it were possible, 
for example, to create an illusion of sudden reversion 
of bodily orientation, data of great interest could 
be derived from the recording of such variables as 
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electroencephalograph, pulse-rate, respiration. electro- 
myograph and muscle blood flow by _ electronic 
means. 

The correlation of results with anterior pituitary 
and adrenal activity would be clearly desirable ; but 
it would be essential to employ techniques which 
would give more direct functional measures than 
eosinophil counts or urine extractions. Bush and 
Sandberg** have established by chromatography the 
identity of the major circulating adrenocortical 
hormone in human plasma as_ 17-hydroxycortico- 
sterone (compound E£), although the amounts are 
small. Nelson et al.8> found only 4-10y per 100 ml. 
of whole blood in resting normal subjects. 

Even if the aggregate of data from such inves- 
tigations would prove to be of considerable value, 
it is unlikely that their interpretation could ade- 
quately decide orders of precedence in events, so 
that considerable animal experimentation is clearly 


required. 


Investigations on Animals 


Rats. It has been postulated that the general 
stressful conditions of flight lead to a sustained 
increase in activity of the hypothalamic-pituitary- 
adrenal axis; it is known that an intravenous 
injection of adrenocorticotrophic hormone leads to 
an increase in output of hydroxycorticosterone 
within 10-20 min., and that continuous infusion of 
the same amount of adrenocorticotrophic hormone 
leads to a sustained rise in adrenal output. 

Though enough is known about the peripheral or 
somatic actions of corticosteroids, very little is known 
about their action on the central nervous system and 
nothing about the stability of the feed-back control 
of the enhanced level of cortico-steroids on man. It 
is evident from animal data that there is a neuro- 
humoral loop of some magnitude which should have 
some central as well as peripheral actions, but which 
has a delay of minutes and is therefore probably 
concerned with metabolic rather than primary 
nervous activity. For example, this loop might be 
concerned with the maintenance of arousal but 


scarcely with rapid alterations in the level of 
arousal. 
Vogt has speculated that the rich content of 


sv mpathin, in the reticular system and hypothalamus, 
may have a behavioural function: reduction in 
content is caused by the administration to dogs of 
drugs known to effect stimulation of the sympathetic 
nervous system and the reflex release of adrenaline. 
Purpura’é has demonstrated, in cats with crossed 
circulations, the persistence of arousal or electrical 
excitability of the cortex, after cessation of stim- 
wation of the bulbar reticular formation in the 
ipsilateral animal. He also demonstrated similar 
effects in the unstimulated animal, but with a delay 
of 30-80 see. 

lt is possible, therefore, that stress, by causing 
increased activity in the brain stem reticular forma- 
tion and a reflex secretion of adrenal medullary 
hormones, influences cortical activity in a non- 
specific manner. Intense stimulation of this second 
hormonal loop within a generally stressful environ- 
ment, which has already resulted in enhanced 
activity in the production of corticosteroids, may 
have some relationship to abnormalities in behaviour. 

There are many factors which are still unknown. 
The role of the limbic system of the brain has received 
much attention in various aspects of responses to 
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stress, particularly with reference to emotional 
behaviour ; but little is known of its possible 


relationship to the hypothalamic control of hormonal 
output, except that the reticular system is probably 
implicated. Again, the relationship of the sym- 
pathica-adrenal medullary system to the pituitary 
adrenal cortical system has many puzzling factors. 
In man, Sandberg e¢ al.37 found no effect from the 
infusion of adrenaline on adreno-cortical secretion 
but Harwood and Mason** found a fairly marked 
effect on the dog. 

It is therefore proposed that studies be carried 
out on the possible relationship of various aspects 
of behaviour and the activity of the brain-stem 
reticular formation as determined indirectly by its 
sympathin content or by the output of cortico- 
adrenal steroids. 

Beach*®® found that morphine injections result in 
a significant increase in exploratory behaviour in 
‘ats, as compared to a control group, but not as 
compared to a hungry group. He considered that 
this effect was probably due to lowering of perceptual 
threshold through increased activity of the reticular 
formation of the brain stem, but he did not relate 
his findings to those of Vogt*®, who found that 
morphine caused loss of hypothalamic sympathin 
with concomitant secretion from the adrenal 
medulla. 

Again, Petrinovitch and Bolles*! found in studies 
on delayed alternation in rats that 12 out of 16 
animals met the criterion of learning-—the remainder 
could never learn to alternate their responses on the 
T-maze. These animals were subjected to a water 
deprivation schedule and it was found that in order 
to develop the ‘delayed alternation response to its 
full, a loss in body-weight of 20 per cent was neces- 
sary. Although it was concluded that memory 
served as a cue for the correct response, no further 
investigation was made into the failure in training of 
the four rats which did not lose weight. 

Thirst schedules are used in many comparative 
psychological investigations in order to induce a 
learning set, but the probable physiological processes 
involved are infrequently considered. Hunger is 
usually considered as a drive. However, Hebb** has 
equated drive with arousal on the hypothesis that an 
increase in drive or arousal from a low to a moderate 
level and likewise a decrease from a high to a moderate 
level will favour the learning of responses. 

All initial handling of rats should therefore be 
considered as stressful, and the physiological literature 
abounds in warnings that even methods of exam- 
inations involving taking of blood induce an 


eosinopenia. The literature of this aspect of 
psychology is also large; not only does constant 
handling affect growth and resistance to. stress, 


but it also affects behavioural performance, such as 
reduction of numbers of errors in re-learning on a 
water-filled closed-field maze. 

It would appear to be worth while investigating 
the influence of some of those methods used in 
physiological psychology on, for example, the 
corticosterone content of rats’ adrenals, the animals 
being killed by rapid decapitation, analysis being 
carried out by paper chromatography**. Holzbauer*4 


has demonstrated that, in decapitated rats, the 
hormonal stores of the adrenal cortex reflect the 
secretion-rate at the time of death. She found 


significant variations between unstressed rats belong- 
ing to different colonies ; but the largest differences 
were between stressed and unstressed rats. 
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For example, the influence on 
rearing rats in a free environment, as determined by 
the closed-field test of Rabinovitch and Rosvold‘s, 
should be re-investigated ; if there should be any 
correlation between corticosterone secretion and 


behaviour under these conditions, then it might be 
possible to show some relationship between the 
response of the adrenal cortex and ‘brightness’ and 


‘dullness’ within similar strains. 

Dogs. The biochemical properties of the adrenal 
cortex of each species are probably specific and 
genetically determined. Tho secretion of the rat is 
unlike that of most other experimental animals and 
also of man, but those of the dog and the monkey 
are sufficiently similar to man, since a large pro- 
portion of the total seeretion would appear to be 
compound £. 

Consideration should therefore be given to the dog 
as an experimental animal, if results of significance 
can be derived from experiments with rats. 

The general plan of these further behavioural 
studies might well follow that of Thompson and 
Heron**, who investigated the effects of early experi- 
ence on both the problem-solving capacity of dogs 
and on exploratory activity. They found that the 
dogs reared in an environment which was restricted 
in perceptual content evinced significantly greater 
activity, but had a permanent decrement in intelli- 
gence compared to their litter which were 
reared in a normal environment. 

24-hr. food deprivation schedules were used in 
trials on delayed reactions and it can be postulated 
that the stress of testing was different in the two 
groups. 


mates 


In four normal dogs, delays of 240 sec. were 
achieved after an average of 230 trials, but the 
restricted dogs could not achieve any delay. If a 


modification of Vogt’s technique? for the estimation 
of svmpathin in the central nervous system were 
used, then it might be possible to relate the sympathin 
content of the reticular formation and the intra- 
laminar thalamic nuclei to differences in behaviour. 
If the sympathin content were higher in the 
normal then it could be deduced that the 
impaired learning of the restricted dogs was related 
to the activity of the reticular formation; but 
further experimentation would be required — to 
relate the strength of drive or of drive reduction 
to learning. 
A series of 


dogs, 


investigations on learning set might 
provide more data of significance. It is known that 
stimulation of the central median nucleus of the 
thalamus (non-specific) produces facilitation of cor- 
tical sensory neurones? ; also stimulation of intra- 
laminar nuclei may interfere with learning. If these 
findings be related, then during the formation of 
learning set, two physiological processes may be 
involved—the determination of the motor response 
by the linkage of the appropriate active cell assemblies 
and the progressive reduction in the activity of the 
arousal system. 

Determination of this latter by Vogt’s techniques 
might be more meaningful to behaviour studies than 
micro-clectrode techniques. 


Summary 


The future problems in aviation medicine are 
subtle and difficult. Many are concerned with the 
determination of behavioural responses to neurogenic 
stress in conditions where it is impossible to reproduce 
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fully this stress on the ground. 
that studies on man should be supplemented by 
animal investigations and that a multi-disciplinary 
approach would enable adequate theories to be 
constructed on the relationship of alterations in 
perceptual learning to stress. 

With the verification of such theories or important 
parts of them, it should be possiblo to derive new 
selection processes for personnel involved in future 
flight or extra-terrestrial travel. 


Acknowledgment is made to Prof. D. O. Hebb 
and his staff for their patience and kindness while 
I was on leave of absence from the Royal Air Force 
and studying in the 
McGill University, Montreal. 
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A BONE IMPLEMENT FROM STERKFONTEIN 
By Dr. J. T. ROBINSON 


Transvaal Museum, Pretoria 


MEASURE of controversy has been aroused by 
‘1 Dart’s thesis that Australopithecus used bones, 
horns and teeth as implements. Evidence for this 
has mainly come from Makapansgat, but it is 


the purpose of this article to report the discovery of 


This single find 
bone was 


bone implement at Sterkfontein. 
Dart’s view in proving that 
mployed artificially in the Transvaal during the 


known australopithecine period ; on the other hand, 
whether this new find represents australopithecine 


supports 


handiwork is quite a different matter. 

The specimen under consideration was found on 
June 4, 1958, during a five-month excavation scason 
devoted to further exploration of the Sterkfontein 
extension site. This abuts on, continuous 

the type site from which approximately a 
hindved specimens of Australopithecus have been 
As already reported!.*, the Sterkfontein 


and is 


ered, 
it (type plus extension sites) consists of three 
different breccias: (a) lower or type site breecia, 

ch has yielded numerous Australopithecus romains 
hit neither stone artefacts nor Equus ; (b) middle or 
|-brown breecia, which has yielded 228 
facts, a few small pieces of Australopithecus as 
well as remains of Equus; (¢) upper or brown 
breccia, Which is thin and patchy and has vielded 
Kyuus but neither Australopithecus nor artefacts. 
Where the upper breccia occurs in the area actually 
excavated, it is separated from the middle breccia by 
« thin drip-stone or stalagmite. The bone implement 
was wholly eneased in red-brown (middle) 
breccia a short distance below the stalagmite. 

tho maximum dimensions of the specimen are : 
length, 93 em.; width, 3 and thickness, 
In most places the thickness is roughly a 
centimetre. It consists of a portion of a long bone 

ch had been split longitudinally. One half was 

1 apparently broken in a manner which left one 
en pointed. The surfaces resulting from the breaks 
which formed the point have become polished com- 
pletely smooth, while most of the natural bone 
surface has retained its original appearance-—except 
for an appreciable amount of manganous staining. 
The specimen was originally longer than at present. 
In oxcavating the breccia in which it was embedded, 
it was broken into a number of pieces, all but a very 
few small pieces being recovered. The butt end was 
apparently slightly longer before the recent breaking 
occurred. Evidence of ancient damage to this end 
sugvosts that the specimen had originally been even 
longer, 

ln view of the differences of opinion which exist 
about the reality of bone implements associated with 
australopithecines, it is necessary to examine tho 
reasons for regarding this specimen as an artefact. 
Two common groups of agencies may produce 
post-mortem ailteration to the natural shapo and 


stone 


solid 


cm. ; 


1} cm. 


appearance of a bone. These are (a) natural 
Weithering agencies, and (6b) animals, including 


man, 


Under (a) the following may be considered : 

(1) Water. This could have acted by rolling and 
abrading the specimen while loose-—in a stream-bed, 
for example. This action would first affect all ridges 
or other prominences. This is not true of the specimen 
in question. The most marked smoothing is not on 
ridges, and at least one fairly delicate ridge is present 
and searcely affected. Most of the surface has not 
been smoothed at all. Rolling may thus be discounted. 
But water may also have affected the specimen in 
another way. If the bone became partially exposed 
by weathering of the breccia, the exposed portion 
could have been smoothed by sand-bearing water 
flowing over it periodically while the protected 
portion remained unaffected. This can also bo dis- 
counted, since the smoothed portions are related to 
the unsmoothed portions in such a way that the one 
could not have been exposed without at least some 
of the other also. Furthermore, the entire specimen 
was in solid breccia overlaid by a stalagmite as well 
as a later breccia. All other bone in the immediate 
neighbourhood was fresh and showed no signs of 
artificial smoothing. 

(2) Wind. Wind-blown sand particles can readily 
smooth off rock, glass, bone and other such objects. 






BROWN BRECCIA— — — — f= 





DRIPSTONE 


Vertical section through a portion of the Sterkfontein 


Fig. 1. 
extension site showing the position of the bone implement in 
relation to the middle and upper breccias and the drip-stone layer 
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Fig. 2. Bone implement from Sterkfontein. Some breccia is still adhering 
to the specimen 
Fig. 3. Enlarged view of apex of the Sterkfontein implement, 


showing one of the two main polished surfaces 


However, this mechanism is indiscriminate in that 
all exposed parts are affected. The marked localiza- 
tion of the smoothed areas on the specimen and the 
relationship of smoothed to natural surfaces render 
wind action improbable in the extreme. Further- 
more, the action of blown sand is to produce a fine 
frosting on the affected surfaces, not a smooth polish. 

The nature, relative size and distribution of 
the artificial surfaces and the circumstances of 
preservation eliminate also the remote poss- 
ibility of chemical weathering. 

Under (b) may be considered : 

(1) Carnivores. The carnivores which com- 
monly chew bones and which could conceivably 
be concerned in this instance are hyenas, the 
larger cats and the dog group. All these splinter 
the shafts of long bones or consume them 
entirely. It is impossible to see how any of 
them could produce either the shaping or the 
polishing here involved. 

(2) Rodents. Some modern rodents gnaw 
bones found lying about, especially in caves. 
This is particularly true of porcupines, and 
many fossil bones bear witness to the antiquity 


Fig. 4. 
shallow oval hollow (near centre) with completely unsmoothed surface 
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1 of this activity. Unwary observers may be 
misled by such bones as they are often gnawed 
along the shafts to produce a sharp edge or 
around the broken ends of shafts to produce 
chisel edges and similar effects. Examples 
occur among the bones found at Hopefield®. 
However, the unmodified results of porcupine 
gnawing are fairly easy to detect since the 
marks made by the chisel-shaped incisors are 
visible. Where weathering has afterwaris 
smoothed the bone, the gnawing may not be 
easy to detect—as in the case of some of the 
| Hopefield bones which oceur in shifting, 
loose sand where smoothing may thus occur 
easily. 

This cannot be the explanation of the nature 
of the Sterkfontein specimen. There is no trace what- 
ever of gnawing anywhere on the bone. If the 
smoothed portions are regarded as areas of weathered 
porcupine gnawing, then it is difficult to explain why 
the other parts of the bone are totally unweathered, 
since a marked degree of weathering would be neces- 
sary to remove all traces of gnawing. Examples of 
rodent gnawing do occur in small numbers in this 
site and an example is shown in Fig. 5. But neither 
this nor any of the other bones so far found in this 
site exhibit the marked differential smoothing found 
on the bone under discussion. 

There appears to be no other reasonable explana- 
tion than that a hominid used the bone in a manner 
which polished smooth the surfaces utilized and did 
not affect the other parts. This is certainly the 
immediate impression given by the appearance of the 
specimen. It does not seem likely that it was used 
for digging, since soil would affect all surfaces of the 
specimen at the digging end and would also produce 
a more scratched surface than is the case. The only 
possibility seems to be that it was used for scraping 
or rubbing something with a definite and fairly soft 
surface—for example, the under-surface of animal 
skins. Under a stereo microscope a small amount of 
very fine scratching is detectable on the polished 
surfaces. This is much finer than that to be seen on 
Natufian bone implements from Mount Carmel, which 
show clear evidence of having been shaped deliber- 
ately, some of the shaping having been done with a 
blade of some sort ; some of the other surface marks 
on these specimens may either have been made with 
a stone blade with an uneven edge or be the result 
of use. There is no evidence of cutting on the Sterk- 
fontein specimen. 

It seems, therefore, that the characteristics of the 
Sterkfontein specimen can only be explained as a 
by-product of intelligent hominid behaviour. As 





Enlarged view of a portion of the Sterkfontein specimen showing a 


partly surrounded by polished surface 
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5. Fragment of fossil bovid mandible, from Sterkfontein 
extension site, which had been gnawed by rodents 


such it is the first clear-cut example of the utilization 
of bone from the Sterkfontein area and probably the 
best at present known from the ausiralopithecine era. 
It certainly appears to be clear evidence of the 
artificial utilization of bone at that time-level. Since 
this specimen came from the same breccia which has 
vielded the stone artefacts from this site, it must 
presumably for the present be attributed to the 
makers of the latter. In my opinion!.2, Australo- 
ecus is unlikely to have made the stone artefacts 
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—it seems more likely that Telanthropus was respons- 
ible. Probably, therefore, the latter was also 
responsible for the bone tool. It is not impossible, 
in view of the evidence accumulated by Dart, that 
Australopithecus had an ‘osteodontokeratic’? but not 
an established stone culture, but that T'elanthropus 
did have the latter. If this is the case, it is possible 
that the Sterkfontein bone tool, but not the stone 
industry, was of australopithecine origin. It is, in 
any event, interesting to note that the specimen 
came from the back portion of the cave, as it was 
at the time of accumulation, among a mass of bones. 
The remainder of the deposit at that level has a 
much smaller proportion of bone. 

I am indebted to the director of the Archeological 
Survey and to Dr. R. Mason of the same organization 
for the loan of Natufian bone implements from 
Mount Carmel for comparative study. 

1 Robinson, J. T., and Mason, R. J., Nature, 180, 521 (1957). 


? Robinson, J. T., Leech, 28, 94 (1958). 
> Singer, R., Amer. Anthrop., 58, 1127 (1956). 


CHEMISTRY IN THE PRESERVATION OF ANTIQUITIES 


T a joint meeting of Sections B (Chemistry) and 
A H (Anthropology) held during the York meeting 
the British Association, Dr. A. E. A. Werner and 
Mr. R. M. Organ of the British Museum Research 
Laboratory discussed the subject of chemistry in the 
preservation of antiquities. 

Dr. Werner said that the application of the chemist’s 
specialized knowledge to the problems that arise in 
the preservation of antiquities may be taken to 
involve, first, the recognition of the symptoms of 
leterioration exhibited by antiquities and the 
realization of the ultimate causes for this deterioration 
expressed in terms of the physical and chemical 
strueture of the object, and, secondly, the evolution 
of sound methods of conservation based on theoretical 

msiderations and tested by practical experimenta- 

on—preferably, of course, on trial pieces or objects 
importance specially acquired for the 


minor 
purpose. 
In the past, the methods used in the conservation 
of antiquities were largely of an empirical nature and 
the materials used were limited to those of natural 
origin which approximated most closely, in their 
chemical and physical properties, to the needs of the 
particular work in hand. Typical examples of such 
inaterials are waxes such as beeswax and _ paraffin 
Wax, natural resins, and animal and vegetable glues. 
However, in the past three decades or so, there have 
been remarkable advances in high-polymer chemistry 
which have led to the introduction of many new 
synthetic materials, combination of 
chemical and physical properties not normally found 
in materials of natural origin. The assessment of the 
potential value of these synthetic materials in the 
elaboration of more reliable methods for the preser- 
vation of antiquities was discussed with special 
reference to specific problems in the preservation of 
antiquities of an organic nature. 

One outstanding problem is the question of the 
10st suitable method for the treatment of wooden 
objects which are obtained from excavations in a 
so-called water-logged condition. Old water-logged 








wood may have a water content of more than 100 per 
cent of the dry matter in the wood, and its actual 
physical state will depend upon the degree of 
degradation, that is, the extent to which the cellulosic 
cell-wall structure has broken down. If this has 
reached an advanced stage, the wood will be quite 
soft, almost like cheese, and will have a very low 
mechanical strength. In considering the problem of 
stabilizing old water-logged wood, there are two 
factors to be considered. The first involves the actual 
removal of the large excess of water without causing 
serious deformation of the wood, and the second 
involves the consolidation of the wood to 
sufficient mechanical strength so that it 
handled with ease. 

Hf the water is allowed to escape by ordinary 
evaporation, surface tension forces exerted on the 
weakened cell walls will cause them to collapse. 
Hence, special techniques have been evolved. One 
such technique is the so-called alum process, in which 
the wood to be treated is immersed in a super- 
saturated solution of alum at a temperature of about 
95° C. until complete impregnation is achieved. The 
idea behind this method is to replace the water by a 
solid, alum being used because it can be dissolved in 
a very small amount of water. A more refined 
method is the use of the well-known biological 
technique for drying tissues by immersion in succes- 
sive baths of ethyl alcohol followed by immersion in 
baths of ethyl ether. If the final ether bath contains 
a resin such as dammar in solution, the resin will 
remain after evaporation of the ether to stabilize the 
wood structure. This is a relatively expensive 
process and involves a serious fire risk, so that it is 
confined, in practice, to the treatment of small 
objects, where it has been found to give excellent 
results. The well-known technique of freeze-drying 
can also be applied. The water is frozen to ice 
which is evaporated from the wood under vacuum, 
so that any tendency for the cell-wall structure of 
the wood to collapse due to exertion of surface 
tension of liquid water is avoided. Experiments 


restore 
can be 
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made in the British Museum have shown, however, 
that the results are unreliable, and the method is 
very slow and time-consuming, since it requires more 
or less constant supervision unless an expensive 
automatically controlled refrigerating unit is installed. 

Since none of the above techniques may be regarded 
as being uniformly successful, experiments have been 
in progress in the British Museum Laboratory based 
on the use of the synthetic polyethylene glycol waxes. 
These waxes, although possessing the characteristic 
physical properties of waxes, have the rather unex- 
pected property of being soluble in water. They are 
available in a polymeric series ranging from soft 
waxes rather like ‘Vaseline’ to hard waxes similar to 
the typical paraffin waxes. It has been found that 
the wax of average molecular weight 4,000 (the actual 
material used is known by the trade name of ‘Carbo- 
wax 4000’ produced by Union Carbide Chemicals 
Co.) is suitable for the treatment of water-logged 
wood. The new technique which has been evolved 
consists in immersing the wooden object in a 12 per 
cent aqueous solution of the ‘Carbowax 4000’ at 
room temperature and slowly increasing the tem- 
perature to c. 60° C. over a period of many weeks. 
The water in the wood slowly diffuses out and is 
replaced by the wax. During the period of treatment, 
the solution is allowed to evaporate so that at the 
end the wooden object is lying immersed in molten 
‘Carbowax’. This technique is particularly suitable 
for wood which has suffered a considerable degree of 
degradation while in the water-logged state and is in 
a spongy condition. 

If the structure of the water-logged wood has not 
suffered too severely, and still retains a certain 
degree of structural strength, an alternative method 
of treatment can be adopted. The wooden object is 
allowed to dry out slowly by being placed under 
conditions of gradually decreasing humidity. Under 
these conditions, the wood will dry without suffering 
distortion apart from a slight flaking of the surface 
layer. Consolidation is achieved by impregnation 
with an epoxy resin which is brushed on to the wood 
as a mobile liquid which readily permeates the wood, 
where it solidifies in situ at room temperature, thus 
conferring upon the wooden object the necessary 
mechanical strength. These epoxy resins, which have 
the highly desirable property of setting to a solid 
without undergoing appreciable contraction, are of 
general application as agents for the impregnation of 
wooden antiquities which are in a fragile state, for 
example, wooden objects which may have been 
severely weakened as the result of attack by insects. 

In the case of leather objects which may be 
recovered from excavation in a fragile state as the 
result of being water-logged, or in a brittle condition 
due to excessive desiccation, immersion in molten 
polyethylene glycol wax of grade 1,500 at a tem- 
perature of about 45° C. affords a simple method of 
preservation. The hydrophilic wax removes the water 
and consolidates the water-logged leather, whereas 
in the case of the brittle leather, the absorption 
of the polyethylene glycol wax restores to a marked 
degree the flexibility of the leather so that it can be 
handled with ease and, if necessary, reshaped without 
fear of breaking. Two other synthetic waxes which 


have proved of value in the formulation of a wax 
mixture for the surface protection of antiquities 
are the microcrystalline waxes which, owing to their 
special physical structure, are superior to the con- 
ventional paraffin waxes and the hard polyethylene 
waxes of relatively high melting point. 
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Ancther field in which new synthetic materials| 
have found extended use in conservation is that of 
adhesives. When considering the use of adhesives 
in the restoration of fragile antiquities, the single facto 
which is of major importance is the question of the 
amount of shrinkage which can occur when an 
adhesive sets ; if this is large, strains. are set up 
which may weaken the bond or cause distortion of 
the bonded complex. In this respect the most suitable 
adhesives are those based on epoxy resins ;_ these 
represent a class of adhesive which sets by chemical 
reaction without the loss of any volatile material. 
The presence of soluble salts which have been 





absorbed by porous objects while buried in the 
earth prior to their excavation—for example, Egyptian 
ostraka—may be the latent cause of deterioration. 
When such objects are exposed to atmospheric 
conditions in which there are large fluctuations in 
the relative humidity, these salts tend to be trans- 
ported to the surface where they crystallize out, 
thus obscuring the surface and, in the course of 
crystallizing, causing the surface layer to flake away ; 
in the ease of ostraka, this would result in the loss 
of the actual writing. These soluble salts can be 
removed by the simple process of washing in water : 
but, before carrying out the washing, it is necessary 
to consolidate the surface of the object in order to 
prevent any flaking away of the surface. This con- 
solidation can be readily achieved by the use of a 
special soluble modified nylon—a material produced 
by Imperial Chemical Industries, Ltd., under the 
trade name ‘Marany] soluble nylon polymer C 109/P’. 
This material is soluble in either methyl alcohol or 
ethyl] aleohol, and when a 5 per cent solution in one 
of these solvents is brushed on to the object prior 
to washing, it deposits a surface film which is not 
only permeable to water (thus permitting elution of 
the soluble salts), but also possesses a marked degree 
of flexibility so that it does not exert any undue 
contractile force on the frail surface layers. This 
material also possesses adhesive properties which 
render it very suitable for the reattachment of flaking 
paint on wall paintings. It was used, for example, 
in the treatment of a fragment of a tempera wall 
painting from a tomb at Thebes of the XVIIIth 
Dynasty in which the paint layer was tending to 
blister badly. A warm 5 per cent solution of soluble 
nylon was brushed over the areas of flaking paint 
and gentle pressure applied. The alcoholic solution. 
having a much lower surface tension than an aqueous 
solution, readily flows into the minute cracks in the 
blisters and spreads out underneath the flakes of 
detached paint, drawing them back into position ; 
in this way a secure bond was formed between the 
reattached paint and the ground. Furthermore, the 
surface film has a matt appearance so that it does not 
leave an exsthetically undesirable sheen on the treat- 
ment areas of the painting. 

Mr. Organ dealt with the problems that arise in the 
preservation of bronze antiquities. He first described 
the causes of corrosion and the build-up of the 
corrosion layers. Metallographic examination shows 
that in the majority of bronze alloys the metal con- 
sists of a two-phase system. Prior to excavation, these 
contiguous phases have often been in contact with 
water which had percolated through the soil and 
contained dissolved salts. An electrolytic system 's 
thus set up in which one of the two phases corrodes 
to form insoluble salts which are deposited on the 
surface of the object in the form of minerals which 
comprise the well-known ‘patina’ characteristic of 
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antiquities. Cross-sections of a corroded bronze 
were shown in illustration. 

The oceurrence of the so-called ‘bronze disease’ 
in museums is connected with the presence of cuprous 
chloride as a component in this mineral structure. 
This material not only reacts with moisture and 
oxygen in the air to form basic cupric chloride 
(which is the light green material that appears as 
the characteristic spots of bronze disease) but also 
attacks the underlying bronze with the formation of 
cuprite. Hence action directed towards preserving a 
bronze object must be aimed at nullifying the activity 
of this particular salt. 

In those cases where it is desirable to retain the 
mineral patina on a bronze, the reactivity of the 
cuprous chloride may be overcome by the use of 
special chemical reagents, namely, (@) sodium 
sesquicarbonate solution or (b) specially prepared 
solid silver oxide. 

In the first method the object is immersed in 
successive solutions of sodium sesquicarbonate, which 
has little visible effect on the patina, but is sufficiently 
alkaline to neutralize the hydrochloric acid produced 
when the cuprous chloride is slowly converted into 
cuprite : 2 CuCl +- H,O=Cu,0 + 2HCI. The second 
technique, involving the use of silver oxide, was 
specially developed in the British Museum Laboratory 
for the treatment of objects which for some particular 
reason cannot be immersed in an aqueous solution ; 
for example, a bronze object inlaid with enamel- 
The aim of this procedure is to seal off the 
chloride by 


work, 
corroding areas containing 
applying over them a layer of silver oxide powder 
which reacts to form an impervious layer of silver 


cuprous 


chloride. 

When it is desirable to remove patina, which may 
be not only unsightly but also concealing valuable 
detail on the object, the various layers of mineraliza- 


GENETICS AND THE 


rT O assess the magnitude of Darwin’s contribution 

| to biology one hundred years after the publica- 
tion of ‘The Origin of Species’, it is necessary to 
recognize that Darwin developed his ideas in a very 
different climate of biological thought from our own. 
Darwin’s recognition of the dynamic nature of species 
Was made at a time when species were regarded as 
the static products of natural creation. 

Species, as aggregates of individuals subject to 
Variation and constantly being replaced by those of 
their progeny which escape from the hazards of their 
environment, represent a concept which we owe to 
Darwin and which still lies behind our knowledge of 
evolution. 

Modern theories of genetics have sprung from 
Mendel’s demonstration of the particulate nature of 
inheritance and the subsequent discoveries that the 
hereditable determinants, or genes, are located in the 
chromosomes. The idea that genes are subject to 
mutation and liable to re-assortment at meiosis 
represents the crude mechanism of the variation on 
which natural selection must operate, but behind 
this lies the more fundamental aspect of gene evolu- 
tion and the biochemical mechanism of their operation. 

If the symposium in Sections D (Zoology) and 
K (Botany) of the British Association at the recent 
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tion can be successively removed by chemical means. 
First, the green basic carbonate is dissolved by im- 
mersing the object in alkaline Rochelle salt, then the 
cuprite is destroyed using dilute sulphuric acid, 
and, finally, the cuprous chloride layer is removed 
by cathodic reduction in alkaline solution. When this 
treatment has been completed, there will still be 
residual chlorides remaining in the porous metal ; 
these must be removed completely if the object is 
to remain in a stable state under normal museum 
conditions. This can only be successfully achieved 
by a special process of intensive washing in many 
successive baths of distilled water. The progress of 
the washing is followed by measuring the electrical 
conductivity of the successive baths of wash-water 
until it falls to a minimum and the absence of chloride 
is established. It has recently been found that this 
process, which used to take up to eight months for 
completion, can be speeded up by a factor of as much 
as ten by the use of ultra-sonics. 

When the mineralized layers are removed, the object 
may sometimes be in such a frail state that some form 
of mechanical support is necessary. In the past, 
material such as wood or plaster and adhesives such 
as shellac and nitrocellulose were pressed into service 
faute de mieux. An improved technique was recently 
developed in the British Museum Laboratory using 
a suitable epoxy resin which can be supplied as a 
liquid which sets im situ to form a reinforcement. 
This material is ideal for the purpose because it 
adheres well to the metal, sets without shrinkage 
so that no contractile are exerted on the 
fragile object, and it is transparent so that no details 
This technique was success- 


stresses 


of design are obscured. 
fully used to strengthen a unique silver hanging bowl 
excavated at St. Ninian’s Isle, Shetland, which, after 
removal of corrosion products, was as thin as an 


egg-shell. A. E. A. WERNER 


ORIGIN OF SPECIES 


York meeting gives an insight into modern evolution- 
ary thought, it is clear that geneticists are at present 
largely concerned with the manner of gene action and 
the process of modification in genetic constitution 
which selection induces. Several speakers pointed 
out that the precise effect of a gene is modified by 
the genetic environment of the gene so that successful 
species come to possess a highly integrated gene- 
assemblage. As Prof. K. Mather (Birmingham) 
emphasized, the main features of an organism affected 
by selection are controlled by swarms of genes acting 
together. The effects of separate genes are balanced, 
and selection shifts the balance, giving gradual and 
not jerky evolutionary change. Moreover, it is only 
in this way that we can understand how an organism 
can achieve the complex selection-advantage we find, 
for example, in mimicry, where a strong degree of 
visual similarity with the model must be obtained 
before selection will operate. In the case of the 
African butterfly, Papilio dardanus, in which the 
female mimics several models, Dr. P. M. Sheppard 
(Liverpool) described how the range of variation in 
mimic characters of the progeny of hybridization of 
geographical races indicated polygenic control. Domi- 
nance of mimic features has been selected, so that 
hybrids between races which naturally meet ensures 
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mimicry in offspring; in hybridization of races 
which do not naturally meet, this dominance is lost, 
but reasserts itself when replaced in its original 
genetic environment by progressive backcrossing to 
the race which originally possessed it. 

Re-adjustment of the gene-complex under the 
pressure of selection will account not only for change 
within a species with the passage of time, but also 
for divergence of parts of a species. Any tendency 
for genes not to diffuse throughout all the members 
of a species will encourage the development of 
restricted gene-complexes. In _ introducing the 
symposium, Prof. J. Heslop-Harrison emphasized 
that these barriers to gene-flow, or isolating mechan- 
isms, are of several types. 

Physiological isolation by hybrid failure or sterility 
is the main genetic criterion by which species status 
is recognized, and this may be attained at a single 
evolutionary step in cases of polyploidy. 

Dr. R. Riley (Plant Breeding Institute, Cambridge) 
directed attention to the high frequency of polyploidy 
in plants, where successful polyploids usually arise 
by the combination of genomes, which, even if 
derived from the same species, are sufficiently 
different to allow diploid behaviour (chromosome 
pairing) to be established at meiosis. Dr. Riley showed 
how cytogenetical techniques had allowed the three 
genomes present in common wheat, which is hexa- 
ploid, to be identified as those of Triticum mono- 
coccum, Aegilops speltoides and A. squarrosa. By 
taking advantage of chromosome deficiencies, the 
mechanism controlling genetic isolation in wheat 
had been located and the way opened for hybridiza- 
tion with other cereals. 

Isolation by breeding preference was discussed 
by Dr. A. J. Bateman (Christie Hospital and Holt 
Radium Institute, Manchester). Experiments with 
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the fly Drosophila, where a choice of mating partner 
is offered, indicate that, for example, body-colour 
mutants influence preference. Field observations 
of nesting pairs of birds where a _ plumage-colour 
variant is present have shown similar preference 
to operate in natural populations. 
pollinator in plants must play a similar part as, for 
example, between the two campions, Silene dioica 
and S. alba, which are respectively bee- and moth- 
pollinated. 

In both outbreeding plants and animals, however, 
spatial isolation by ecological or geographical factors 
is the most widespread external mechanism which 
allows initial divergence either by chance restriction 
of genes in limited populations, or because ecological 
conditions differ between populations or their parts. 


The nature of soil preference and importance of 


competition were discussed by Dr. C. D. Pigott 
(Sheffield), who described the manner of elimination 
of Vaccinium vitis-idaea from mixed populations with 
V. myrtillus and occasional hybrids, by reduction in 


grazing pressure after enclosure and exclusion of 


sheep from upland oak-woods. 

That divergence can precede isolation, however, is 
evident from experiments with Drosophila described 
by Dr. J. M. Thoday (Sheffield). By disruptive 
selection (elimination of the mean phenotypes and 
retention of extremes) within a single breeding 
population over several generations, a steady trend 
of divergence of the extremes is produced. Further- 
more, experiments, in which the most extreme 
individuals are those used for breeding, demonstrate 
that this difference can be maintained. 

Experimental studies of this type demonstrate 
very clearly that evolution is no longer a theory 
propounded by Darwin but an indisputable fact. 

C. D. Picotr 


OBITUARIES 


Dr. Louise Pearce 


Dr. LovIsE PEARCE, former associate member of 
the Rockefeller Institute, who had worked there 
from 1913 until 1951, died in New York City on 
August 9 at the age of seventy-four vears. Having 
graduated M.D. at the Johns Hopkins University 
in 1912, she began in 1913 her chemotherapeutic 
studies in association with W. H. Brown of the 
Institute. A few years previously Ehrlich had had 
great success in the treatment of disease, including 
syphilis, with organic arsenicals. In collaboration, 
these two workers studied experimentally the effect 
of arsenical compounds on laboratory infections in 
animals with the parasite causing African sleeping 
sickness. One compound of this series, namely 
tryparsamide, prepared by Jacobs and Heidelberger 
in 1919, proved very effective against rabbit syphilis 
and was able to save the lives of animals infected 
with the pathogenic African trypanosomes. ‘Tests 
on the response of the human disease to this new 
substance were now urgently required. Louise Pearce, 
of resolute character and endowed besides with great 
physical strength and vigour, was chosen to go out 
to the Belgian Congo in 1920, where thousands of 
natives were dying of the disease, and there carried 
out the tests at great personal risk. 

The success of the new drug was soon obvious and, 
as Peyton Rous has written, “she brought about 


one of the most shining and spectacular of the early 
purposeful achievements of the Institute, the con- 
quest of sleeping sickness’. Tryparsamide owes its 
importance to the fact that it can reach the cerebro- 
spinal fluid in considerable concentration and has th: 
capacity to affect trypanosomes in the central ner- 
vous system. For this work Dr. Pearce was awarded 
in 1953 the King Leopold IT prize of 10,000 dollars 
and made an officer of the Royal Order of the Lion, 
having previously received the Belgian Order of the 
Crown. Her colleagues, W. A. Jacobs, M. Heidel- 
berger and W. H. Brown, were also honoured. With 
the last-named she discovered a rabbit cancer. 
known as the Brown—Pearce carcinoma, which 
eould be transplanted to other rabbits and_ has 
proved of considerable value experimentally. The 
virus causing rabbit pox was another of her 
discoveries. 

She was keenly interested in medical education 
and served during 1946-51 as president of the 
Women’s Medical College of Philadelphia. Besides 
her successful mission to Africa she served as visiting 
professor of medicine at Peiping Union Medical Co! 
lege during 1931-32. Her interests were wide anil 
embraced many aspects of national and internationa! 
life. As an officer of a number of organizations con- 
cerned with the study of bacteriology, medicine, 
tropical medicine, cancer and other diseases, she 
proved a good citizen of the world. 


Constancy of 
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During her life-time she was awarded a number of 
honorary degrees and prizes. Her monograph ‘‘The 
Treatment of Human Trypanosomiasis with Try- 
parsamide”’, published by the Rockefeller Institute, 
: a classic. J. D. Futton 
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Dr. E. S. Duthie 


Dr. EDWARD STEPHENS DutuHiIe died on June 9 
the age of fifty-two. He was an experimental and 
inical pathologist with an exceptional range of 

talents. Born in Kilkenny, he won a sizarship in 
niathematics to Trinity College, Dublin, and graduated 
in arts, medicine and science. He began biological 
research under Prof. J. B. Gatenby in Dublin and 
continued under Prof. A. E. Boycott at University 
College Medical School, London, where he went as 
Graham Scholar in 1933. His published work during 
this period was concerned mainly with the mechanism 
of glandular secretion. While convalescing from 
tuberculous pleurisy in Italy he wrote a paper on the 
origin, development and function of the blood cells 
in certain marine teleosts. 

\fter a brief interlude as assistant pathologist at 
the University of Sheffield, he joined the staff of the 
Dunn School of Pathology, Oxford, and collaborated 
with Chain in a study of ‘spreading factor’, which 
they identified as hyeluronidase. Duthie was unfit 
for military service during the War so he worked 
as hospital pathologist at Northampton until he 
was recalled to Oxford to help Sir Hugh Cairns ; 
he organized and took charge of all the chemotherapy 
at the Radcliffe Infirmary and at the Military Hospital 
for Head Injuries. His development of penicillinase, 
his work with Chain on the theory of action of peni- 

llin and his demonstration of the influence of pH 
on the activity of streptomycin, have all contributed 
to the rapid progress of chemotherapy. 

Duthie took charge of the Serum Department of 
the Lister Institute in London in 1946 and worked 
on serum and bacterial proteases and their inhibitors. 
In 1948 he was appointed deputy director of pathology 
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International Red Locust Control Service 


THE last plague of the red iocust, Nomadacris 
rptemfasciata Serville, lasted from 1930 until 1944 
and affected most of Africa south of the equator. 
ield investigations by British, South African and 
elgian scientists revealed comparatively small out- 
break areas in Northern Rhodesia and Tanganyika. 
In 1941 A. P. G. Michalmore set up headquarters in 
\bereorn, Northern Rhodesia, and began preventive 
ontrol of these areas ; in 1945 H. J. Bredo became 
director of the International Red Locust Control 
Service. This Service was established by inter- 
national treaty in 1949 and the first decade of the 
treaty was completed on August 5 this year. At 
lirst, the idea was to watch for any upsurge of locusts 
: the outbreak areas and then to arrange control 
\easures, but it became clear that events moved too 
quickiy and the Service had to be constantly ready to 
attack. Even so, swarms escaped from the outbreak 
reas in most years until operational research, mainly 
iv Haydn Lloyd, led to the design of fully effective 
methods of control, using very light aircraft. In 
1955 there occurred the largest upsurge ever recorded ; 
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at Southampton, becoming director in 1952. During 
the past ten years he studied various products of 
the staphylococcus. His crowning achievement was 
the purification of coagulase—the first blood-clotting 
substance to be purified. 

Duthie’s integrity, sympathy and kindness were 
apparent to all who met him; his friends knew his 
generosity, his concern for refugees and all who were 
oppressed, his appreciation of art and music and his 
courage and cheerfulness in the face of prolonged 
ill-health. CHARLES H. Lack 


Mr. John Cecil May, C.M.G., O.B.E. 


By the death on September 10 of J. C. May, 
director of the Empire Cotton Growing Corporation, 
tropical agriculture has lost one of its wisest and most 
distinguished administrators of agricultural research. 
His background of geology and forestry at Oxford, 
and of the administrative service in Nyasaland and 
Tanganyika, was singularly appropriate for the 
development of his life’s work in an independent 
corporation engaged in research in tropical terri- 
tories. His judgment and enthusiasm were largely 
responsible for the high standard of recruitment 
to the Corporation’s service, and his sympathy and 
understanding for the welfare of his staff in the 
diverse circumstances in which they work. He under- 
stood the needs and difficulties as well as the respon- 
sibilities of government departments, and his breadth 
of interest was the foundation of the co-operation 
between government officials and the research staff 
of the Corporation that has been so fruitful in the 
extension of the cotton crop in African territories. 
His vision and grasp of practical needs and possibilities 
enabled the Corporation to continue to provide staff 
for the Sudan when the Republic of the Sudan was 
established. In planning the British contribution 
to technical services in the new Africa that is emerg- 
ing, his counsel will be sorely missed. 

J. B. HutTcHINson 


nd VIEWS 


it was completely controlled. No swarms have 
escaped since 1954. 
Dr. D. L. Guan; CBE. 
DurinG the period 1952-59 the director of the 
International Red Locust Control Service was Dr. 
D. L. Gunn. Educated at the High School and the 
University College, Cardiff, he was then for seventeen 
years at the University of Birmingham, first as 
assistant lecturer and finally senior lecturer in 
zoology. There he became known for researches on 
the temperature and humidity relations of insects 
and he collaborated with Dr. Gottfried Fraenkel in 
“The Orientation of Animals’ (Oxf. Univ. Press). 
Towards the end of the War, he was seconded to 
Kenya to study the behaviour of desert locusts in 
swarms, in relation to aircraft spraying, and in 1945 
with Douglas Yeo and a team from the Chemical 
Defence Experimental Establishment, Porton, he 
carried out the first attacks on adult locusts in Africa 
that used liquid insecticide sprayed from aircraft. In 
1946 he became the first principal scientific officer 
of the Anti-Locust Research Centre, then newly 
separated, under Dr. B. P. Uvarov, from the Common- 
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wealth Institute of Entomology, and was responsible 
for starting and building up its research programme, 
both in the Centre laboratory and extra-murally in 
universities. In 1947, jointly with H. A. F. Lea 
(now chief locust officer of the Union of South Africa), 
he was responsible for successful aircraft spraying 
experiments against the red locust in Tanganyika. 
In 1950'he did field experiments in Somaliland and 
the Sudan which resulted in the complete replacement 
of wet bait by dry bait for controlling the desert 
locust with great economies in cost. In 1952 he was 
appointed director of the International Red Locust 
Control Service ; in the following years, this Service 
was completely reorganized, made effective, and 
cheapened to about half its earlier maximum annual 
cost. Dr. Gunn was appointed C.B.E. in 1958 and 
he now leaves Africa to become director of the Tea 
Research Institute of Ceylon. 


Mr. C. du Plessis 


THE Council of the International Red Locust 
Control Service has invited Mr. C. du Plessis to 
become director, in succession to Dr. Gunn. Edu- 
cated at Oudtshoorn and at Grey University 


College, Bloemfontein, he lectured in zoology at 
Grootfontein College of Agriculture for six years 
and in entomology at Glen for four years before 
beginning full-time research on stalk-borer at Kroon- 
stad. Soon after the red locust plague reached 
South Africa, he began research under Prof. J. C. 
Faure, publishing mainly in the science bulletins of 
the Department of Agriculture, and becoming 
increasingly involved in control as well. In 1944, 
locust research, locust control, and administration, 
were combined under the newly enlarged post of 
chief locust officer, to which post Mr. du Plessis was 
appointed. He was responsible for containing within 
the outbreak areas a prolonged upsurge of the brown 
locust from 1948 until 1954 ; during this period, both 
control methods and administration were com- 
pletely revolutionized. Representing South Africa 
on the International Red Locust Control Service 
Council for many years, he was elected president in 


1954 in suecession to Mr. G. B. Beckett, then 
Member for Agriculture in the Northern Rhodesia 
Government. He retired from the post of chief 


locust officer in December 1958. 


Theoretical Mechanics at Southampton : 
Prof. B. Thwaites 
A THIRD chair of mathematics, with special refer- 
ence to fluid mechanics, has been created at South- 
ampton. The first holder of the chair will be Dr. 
Bryan Thwaites. Dr. Thwaites, after graduating in 
Cambridge with first-class honours in mathematics, 
spent three years in the National Physical Laboratory 
and was then appointed lecturer at the Imperial 
College of Science and Technology in the Department 
of Aeronautical Engineering. In 1951 he became 
assistant master at Winchester College but maintained 
his contact with university teaching and research as 
visiting lecturer in fluid mechanics at the Imperial 
College. Dr. Thwaites has been a member of the 
Performance Sub-Committee of the Aeronautical 
Research Council and is at present a member of the 
Fluid Motion, Engine Aerodynamics and Laminar 
Boundary Layer Panels of that Council. He is 
chairman of the Aerofoil Theory Panel and editor of 
‘“‘Incompressible Aerodynamics” due to be published 
this year. His name is familiar in the form of the 


Thwaites flap and with his engineering interests it is 
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expected that his appointment will strengthen the 


already existing ties between mathematics and 
engineering in the University of Southampton. 


Dr. Thwaites’s wide cultural and teaching interests 
will be particularly welcomed in the rapidly expanding 
University of Southampton. 


Electrical Engineering at Southampton : 
Prof. L. G. A. Sims 
Dr. head of the Electrical Engineering 
Department and senior lecturer in electrical engineer- 
ing in the University of Southampton, succeeded the 
late Mr. P. G. Spary in 1952, and he has now been 
made professor in the University. Dr. Sims studied 
under the late Prof. William Cramp at the University 
of Birmingham, graduating with first-class honours 
and a Bowen Research Scholarship in 1924. He 
obtained his M.Sc. with an award of a research prize. 
He joined the Research Laboratories of the General 
Electric Co., Ltd., under the late Sir Clifford Paterson. 
Later he joined the lecturing staff of the University 
of Birmingham, and although primarily concerned 
with power engineering, and founding the first 
electronics laboratory, he was associated with the 
first successful television reception in Birmingham 
received from the original London Baird transmitter. 
Dr. Sims initiated and directed researches at 
Birmingham upon the incremental properties of 
magnetic steels. In 1936 he was appointed head of 
the Electrical Engineering Department of the 
Northampton Polytechnic in London. On the power 
utilization and supply side, Dr. Sims was one of the 
first engineers in Britain to be interested in energy 
storage with the a.c. system and initiated research 
work upon electro-thermal storage methods. He has 
held senior teaching appointments in Government 
Service both at the Royal Naval College, Greenwich, 
and the Royal Aircraft Establishment, Farnborough. 
During the session 1957-58 Dr. Sims was chairman of 
the Institution of Electrical Engineers, Southern 
Centre. His main ambition is that he and his staff 
shall advance the prestige of the already well-known 
Electrical Engineering Department in the University 
of Southampton, and liaison work with large indus- 
trial concerns in different parts of Britain togethe 
with new electrical courses may lead to a system of 
postgraduate scholarships in electrical engineering by 
the time of the University centenary in 1962. 


SIMs, 


Physics at the University College of North Staffs : 
Prof. D. J. E. Ingram 


Dr. D. J. E. INGRAM has been elected to the chair 
of physics at the University College of North Stafford- 
shire, in succession to Prof. F. A. Viek, who has 
become deputy director of the Atomic Energ\ 
Research Establishment, Harwell (Nature, 183, 861 : 
1959). Dr. Ingram was reader in electronics at the 
University of Southampton, where he went in 1952 
to work with Prof. E. E. Zepler, now president of the 
British Institution of Radio Engineers. He took a 
first in physics at Oxford in 1948 and worked for 
three years under Prof. B. Bleaney on magnetic 
resonance. At Southampton he extended his work 
on microwave spectroscopy, gathering together a 
team of physicists, chemists and electronic engineers. 
which has applied the techniques of electron resonance 
to a variety of problems in physics and chemistry. 
This work has been particularly fruitful in studies oi 
metallo-organic compounds, such as the hemoglobin 
molecule, in the investigation of breakdown processes 

















84 


1 the 

and 
pton. 
rests 


ding 


Sims 
ering 
neer- 
l the 
been 
died 
rsity 
ours 
He 
rize. 
eral 
‘son. 
"sity 
rned 
first 
the 
ham 
ter. 
at 
oft 
1 of 
the 
wer 
the 
rgv 
reh 
has 
ent 
ich, 
igh. 
1 of 
ern 
taft 
wn 
sity 
us- 
her 
of 


by 








August 22, 1959 


No. 4686 


resulting from ultra-violet irradiation and in detection 
of free radicals in various forms of carbon. Dr. 
Ingram has also been concerned with the study of 
maser and mavar problems, and with the use of 
electron resonance in applied electronics. He is the 
author of two books on the applications of microwave 
spectroscopy to physics and chemistry, and has been 
one of the instigators of the formation of the 
Radiofrequency Spectroscopy Group. 


Chair of Applied Mathematics at Cardiff: 
Prof. P. T. Landsberg 
Dr. P. T. LANDSBERG, who has been appointed to 
the newly created chair of applied mathematics at 
Cardiff, came to Britain from Germany in 1939. He 
followed his bachelor’s degree in the University of 
London by a master’s degree in the field of quantum 
inechanics, and in 1947 he became one of the early 
inembers of Dr. T. E. Allibone’s staff at the Associated 
Electrical Industries Research Laboratory, Alder- 
maston. He participated in the semi-conductor 
interests of the Laboratory, concentrating on the 
theory of electrical barriers. The generosity of the 
Laboratory enabled him also to work at the same 
time for a Ph.D. degree under Prof. H. Jones on the 
effects of electron collisions on the soft X-ray emission 
of sodium; this investigation showed that 
there were long-range correlations among the electrons, 
resulting in an unexpected screening of the Coulomb 
interactions. Since 1950, Dr. Landsberg has been a 
lecturer in natural philosophy at Aberdeen, where his 
teaching interests have ranged from first-year prac- 
tical classes to statistical mechanics at an advanced 
level. In 1956, together with his pupil, Dr. I. E. 
Farquhar, he helped to re-open the subject of the 
quantum statistical ergodie and H theorems, which 
were thought to have been proved by von Neumann 
in 1929 and later improved by Pauli and Fierz, by 
showing that they were based on an _ erroneous 
argument. Also in 1956, Dr. Landsberg published a 
notable paper on the foundations of thermodynamics 
in “Reviews of Modern Physics’, and has a book 
appearing shortly in the same field. He has main- 
tained his interest in semiconductors, where his most 
recent paper, with his pupil, Dr. A. R. Beattie, shows 
that electron collisions can play the dominant part in 
limiting the life-time of excess carriers in indium 
antimonide. From the agreement between his theory 
and the experimental findings, it appears that this 
substance may be the first semiconductor in which 
the life-time has been made to approach its theoretical 
maximum. 


bands 


Festschrift for R. E. Snodgrass 

THE whole of Vol. 137 of the Smithsonian Miscel- 
laneous Collections (Studies in Invertebrate Morph- 
ology. Pp. v+416—49 plates. Washington, D.C. : 


Smithsonian Institution, 1959) consists of a series of 


seventeen original articles by well-known entomo- 
from many parts of the world under the 
general title of ‘“‘Studies in Invertebrate Morphology”’, 
and is published ‘tin honor of Dr. Robert Evans 
Snodgrass on the occasion of his eighty-fourth birth- 
dav, July 5, 1959". It is hard to think of R. E. 
Snodgrass as having reached this score. He is the 
tough wiry Mark Twain type of American, admirably 
depicted in a frontispiece made last year ; his ready 
and slightly caustic wit remains unimpaired, and he 
is still turning out first-class work on the morphology 
The book contains a sympathetic bio- 
“rnestine B. Thurman, 


logists 


of insects. 
graphical chapter by Dr. 
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illustrated with some of the highly professional comic 
drawings that Snodgrass produced in his early days. 
The scientific articles maintain a high standard 
throughout and many of them demonstrate the 
widespread influence exerted by Snodgrass as a 
morphologist. But Snodgrass has always taught 
that ‘morphology must be intimate with function”’ 
and it is appropriate that there are several good 
papers on insect physiology. There is plenty of 
good material in the volume ; but it is fitting that 
the best paragraphs of all (pp. 17-18) should be those 
in which R. E. Snodgrass himself resumes his outlook 
on life in a few well-chosen words. 


Sir Dorabji Jamsetji Tata (1859-1932) 

THE leading architect in the intellectual and indus- 
trial renaissance of India, Sir Dorabji Jamsetji Tata 
was born at Bombay on August 27, 1859, and was 
educated at Gonville and Caius College, Cambridge, 
and at the University of Bombay, where he graduated 
in 1882. On his father’s death, he became head of 
the company, Tata and Sons, the largest industrial 
concern in India. In 1911 he established the Tata 
iron and steel works at Jamshedpur, and in the 
same year founded the Indian Institute of Science at 
Bangalore to prepare young Indians for the direction 
of modern large-scale industries and for industrial 
research. He was knighted in 1910 and served as 
president of the Indian Industrial Conference in 1915. 
A great philanthropist who rendered help without 
distinction of caste or creed, he gave £25,000 to the 
University of Cambridge in 1920 for the equipment 
of laboratories in the School of Engineering (he was 
elected an honorary fellow of his college in 1922). 
In 1931 he created as a memorial to his wife the 
Lady Tata Memorial Trust for research in any part 
of the world into diseases of the blood, and for work 
in India for the alleviation of human suffering. The 
last of his house, he die:i at Kissingen in Bavaria on 
June 3, 1932, and was buried in the Parsi cemetery 
at Brookwood, Woking. In 1945 the Tata Memorial 
Hospital was erected in the city of his birth. 


National Science Foundation Review of Research 

and Development 

In a statement on Research and Development and 
Economic Growth (issued as No. 13 by the U.S. 
National Science Foundation in its Reviews of Data 
on Research and Development), Dr. A. T. Waterman 
said that the Foundation’s studies indicated that 
national research and development effort currently 
stood at more than 10 thousand million dollars. 
compared with less than 500 million dollars before 
the War, and had doubled since 1954. In terms of 
performance, industry accounted for about 70 per 
cent, Government about 20 per cent, and universities 
and other non-profit institutions for the rest: in 
terms of finance Government accounted for rather 
more and industry for somewhat less than half. 
Dr. Waterman stressed the long-term significance of 
the economic implications of research and develop- 
ment, and besides the beneficial results which war 
expenditure on military research and development 
might have on the civilian economy, research and 
development could stimulate the under-developed 
economies of other countries. It was the key to the 
two great challenges of the future: the increasing 
opportunity to achieve our own potential growth 
and expansion and the urgent need to co-operate 
with the great under-developed countries of the world. 
Of the 10 thousand million dollars currently expended 
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on research and development, only about 6 per cent 
was on basic research. In making a strong plea for 
more support of basic research, especially in colleges 
and universities, Dr. Waterman said that this would 
ultimately reduce development costs by indicating 
the best fields of research. The Federal Government 
Was supporting research in academic institutions 
but wished to see industry increasing its support 
for such research as well as its support of basic 
research in its own laboratories. Industry was the 
largest employer of scientific personnel, employing 
in January 1957 nearly two-thirds of the scientists 
and engineers in the United States, including 528,000 
engineers, 152,000 scientists and 58,000 administrators 
of such activities, about a third of whom were 
engaged on research and development. 


Scientific and Technical Personnel 

THE National Science Foundation of the United 
States has announced that at the request of the 
Bureau of the Budget it will be responsible for 
establishing and maintaining a programme of 
national information on scientific and _ technical 
personnel. This will cover their training and 
utilization, compensation levels, supply and demand, 
and other related data. The Foundation will organ- 
ize the register, co-ordinate and analyse all informa- 
tion gained, and ensure that the findings be made 
public. Much of the information recommended will 
be produced by extending existing statistical records. 
Other projects will have to be initiated to meet the 
objectives of the programme. The decision of the 
Bureau to ask the Foundation to organize the 
register arose from recent recommendations of an 
advisory panel on ‘Scientific Manpower Data Re- 
quirements’. The panel recommended a programme 
of fifteen projects, of which the most urgent were 
considered to be: first, an identification of scientific 
and technical occupations; secondly, a periodic 
survey of organizations employing scientific and 
technical personnel ; and finally, a periodic study of 
the demand outlook for various categories of scientific 
and technical personnel in each major activity. The 
last item would include analyses of employment and 
production growth trends and also the changing roles of 
particular classes of scientific and technical personnel. 


Productivity Measurement in Great Britain 

A REPORT by T. E. Easterfield (Department of 
Scientific and Industrial Research. Productivity 
Measurement in Great Britain: a Survey of Recent 
Work. By T. E. Easterfield. Pp. ii+-79. London : 
Department of Scientific and Industrial Research, 
1959) attempts to survey recent or current British 
studies of productivity measurement at the level of 
the individual factory, together with such other 
related work as seems particularly illuminating. 
Studies ‘ased on overall statistics of whole industries 
are included only where they throw light on the 
problems of more detailed studies. The report first 
briefly discusses the main purposes of productivity 
measurement : overall economic analysis and plan- 
ning ; planning, target setting and the forecasting of 
requirements of industries or firms ; the spotlighting 
of cases that stand out by reason of high (or low) 
productivity ; and investigation of other factors 
that may affect productivity, and their relative 
The main sections are the problem of 
the problem of multiple outputs ; 


importance. 
multiple inputs ; 


the study of factors affecting productivity and the 
translation of results for practical application. 
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Education in the Commonwealth 


7 


A PAMPHLET, “Commonwealth Education: The 
United Kingdom Contribution’’ (prepared for the 
Commonwealth Relations Office and the Colonial 
Office by the Central Office of Information. Text by 
Duncan Crow. Pp. 68+4 plates. (London: H.M. 
Stationery Office, 1959.) 2s. 6d.), gives an impressive 
picture of what the United Kingdom is already doing 
in this field, to which, in the twelve vears April 1946 
March 1958, Britain contributed under the Colonial 
Development and Welfare Acts £35 million in grants 
and loans, of which £16 million were for primary and 
secondary education, £6 million for technical and 
vocational education and £13 million for higher 
education. The pamphlet brings together, moreover, 
facts about an effort which embraces also what is 
being done through the British Council for the 
welfare of the 7,000 odd full-time Commonwealth 
students in the United Kingdom, some of whom are 
numbered among the 728 training as teachers in the 
United Kingdom and for the teaching of English in 
the Commonwealth. There is a section dealing with 
the Colombo Plan trainees and with the 6,566 
Commonwealth students in United Kingdom tech- 
nical colleges, and another with the remarkabk 
growth of Commonwealth universities between 1938 
and 1957, in which period the number of institutions 
has increased by 50 per cent, their teaching and 
research staff has trebled and full-time students have 
nearly quadrupled. No attempt is made to indicate 
the total cost to Great Britain, and, impressive as it 
is, the pamphlet shows clearly enough how much 
more remains to be done and the opportunities which 
interchange schemes, for example, offer for expansion. 


Public Library Statistics in Great Britain 

“Statistics of Public (Rate Supported) Libraries 
in Great Britain and Northern Ireland 1957-1958" 
(Pp. 33. London: Library Association, 1959. 
7s. 6d.) gives the number of public library authorities 
in the United Kingdom on March 31], 1958, as 569. 
serving an estimated population of 51,597.000 and 
holding a stock estimated at 68,600,000, approxi- 
mately 16 per cent being reference stock. Issues for 
home reading are estimated at about 431,863,000, 
an increase of 12,435,000 on 1956-57. and total expen- 
diture was £17,522,000 compared with £15,906,000 in 
the previous year, of which £4,254,000 and £3.863,000 
respectively were expenditure on books. Full-tim: 
non-manual staff numbered 12,990 compared wit! 
12,760 in 1956-57, and at least 1,870 part-time paid 
staff were also employed. There are at least 32,755 
public library service points in the United Kingdom 
including 569 municipal central libraries and count) 
headquarters, 1,333 full-time branches, and 30,855 
part-time branches, centres, ete., as well as 200 mobil 
libraries. 


Instrument Construction 


THE Russian monthly Priborostroenie, which is 
described as a “‘scientifie, technical and production’ 
journal, is being produced in an English translatior 
under the title Instrument Construction (No. 1: 
1959. Translated from the Russian. Pp. 38. Pub 
lished monthly. Subscription £6 yearly post fre 
(17.10 dollars U.S.A. and Canada). Special rate of 
£3 yearly post paid (8.55 dollars U.S.A. and Canada 
available to University and Technical College Lib 
raries. Single copies 15s. each (2.15 dollars U.S.A 
and Canada). London: Taylor and Francis, Ltd.., 











34 


The 
the 
onijal 
t by 
i.M. 
ssive 
oing 
9465 
mial 
ants 
and 
and 
che? 
ver, 
it is 
the 
alth 
are 
the 
1 in 
vith 
566 
ach- 
vbli 
938 
ions 
ancl 
ave 
‘ali 
s it 
ich 
Lich 
On. 





No. 4686 August 22, 1959 
1959), by the British Scientific Instrument Research 
Association for the Department of Scientific and 
Industrial Research. It covers industrial instruments 


and instrumentation, automatic control and produc- 


tion engineering for precision work and affords 4 
valuable insight into current Russian practice in 
these fields. The first number of the journal corre- 
sponds to the January 1959 issue of Priborostroenie 
and each issue of the English journal, because of the 
time needed for translating and printing, will be 
published two and three months later than the 
corresponding Russian number. The contents of the 
first number includes five short articles from the 
wenty-first congress of the Communist Party of the 
Soviet Union. The articles pay tribute to Mr. 
Khruschev’s report “Targets for the Development 
of National Economy of the USSR for the period 
1959-65”’, and deal mainly with various aspects of 
the extension of automation in industry in further- 
ance of the seven-year plan. The more technical 
articles deal with the automatic control of ferro-alloy 
furnaces ; a transistorized analogue computer ; 
an electronic phasemeter with a range of — 180° to 
180°; and field magnets and magnetic lenses for 
cathode-ray tubes with cold cathodes. Laboratory 
notes, and reviews and abstracts from the pages of 
the Czechoslovak journals, make up the remainder 
of the contents. 


French Journal of Science Teaching 

THE first edition of l’Enseignement des Sciences has 
made its appearance (1, No. 1; May-June 1959. 
Hermann: Paris. 1,200 frances per annum); it is 
to be published five times a year. The journal aims 
to cover a wide field of science instruction and to 
publish as much original research as possible for the 
“amelioration of scientific studies’. The first edition 
consists of 48 pages with seven plates, bold line 
yraphs and some amusing Lima line cartoons. The 
inain article, the ‘“‘Known Limits of the Universe’, 
covers eleven pages and is well illustrated. Articles 
follow on the importance of science in education, a 
report on the improvements in teaching at the 
Nancy school of mines, and modern mathematics 
and their teaching. An extensive review of Jean 
Perrin’s ‘Elements de la Physique” is included, also 
an interesting article on the philosophy of children 
which is based on Charles Rollin’s ‘“‘Traité des 
Etudes” (1726) in honour of his memory. Inquiring 
articles also occur on perceptions of geometry, etc. 
The journal concludes with numerous short reviews 
ind a section of general correspondence. 


Atomic Energy in Australia 

THE contents of the December 1958 issue of Atomic 
Energy (2, No. 1), the quarterly published by the 
Australian Atomic Energy Commission to keep 
industry and commerce informed of progress in the 
field of atomie energy, includes an article by J. L. 
Svmonds describing procedures for the commissioning 
period of the reactor Hifar ; a review of reports made 
to the Second International Conference on the 
Peaceful Uses of Atomic Energy in Geneva during 
September 1958 on nuclear power developments in 
the various countries; and an authoritative dis- 
cussion of the power position in South Australia by 
‘. IE. Huddleston, assistant general manager of the 
leetricity Trust of South Australia. He maintains, 
contrary to the statements of many writers, that 
South Australia is not in need in the immediate future 
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of nuclear power, largely because of the determined 
and efficient use being made of the power resources 
which are at present available. The only economic 
coalfield in the state is at Leigh Creek, some 350 miles 
north of Adelaide, and in 1958, 694 million kilowatt 
hours were produced from Leigh Creek coal by the 
Electricity Trust. This will be stepped up when new 
plant becomes available and it is expected that Leigh 
Creek coal will be fully exploited by about 1965. 
The increase in demands for electricity indicates that 
it will be necessary for South Australia to introduce 
nuclear power in 1970, but a decision to build an 
atomic power station there may not be made for 
another five or six years. The future of nuclear power 
in Australia will be governed by the relative cost 
of generation from nuclear and conventional sources ; 
the relative capital investment involved; and the 
availability and reliability of nuclear and conventional 
fuel. Mr. Huddleston considers that South Australia 
will be the first of the States to need nuclear power 
and his careful review of the relevant factors as they 
affect South Australia may prove valuable in assessing 
the value of introducing nuclear power into other 
parts of Australia. 


The Australian Museum 

THE annual report of the Trustees of the Australian 
Museum for the year ending June 1958 (Pp. 19. 
Sydney: Government Printer, 1959) records with 
appreciative comment the receipt of increased 
financial support from the Government. It also 
states that the clearance of temporary buildings has 
been carried out and that the site is now ready for 
the new wing which will form the continuation of 
ihe northern frontage of the Museum for which 
working drawings have been prepared. A generous 
gift by Sir Edward Hallstrom will enable the lecture 
theatre to be re-modelled and brought up to date 
and thus make it of more use to the rapidly develop- 
ing schools service. Much field work has been carried 
out by members of the staff and it is interesting to 
note that the appointment of a public relations officer 
has resulted in good publicity in many media. 


Sierra de Tamaulipas, Mexico 

BETWEEN 1945 and 1955 Dr. MacNeish, now of the 
National Museum of Canada, led three expeditions 
to the state of Tamaulipas in north-east Mexico, and 
in a new publication (T'ransactions of the American 
Philosophical Society. New Series, Vol. 48, Part 6: 
Preliminary Archzological Investigations in the 
Sierra de Tamaulipas, Mexico. By Richard S. 
MacNeish. Pp. 210. Philadelphia : American 
Philosophical Society, 1958. 5 dollars) he gives the 
results of his work in the Sierra de Tamaulipas, a 
range of hills in the south of the State. It was not a 
favourable region for the development of slaborate 
cultures, although it was occupied for most of the 
time when the high civilizations of ancient Mexico 
were flourishing farther south. The importance of 
this study, which is considerable, lies in the evidence 
obtained from excavations in a dry cave for the 
cultivation of maize and squash on a small scale at 
the very early date of about 2500 B.c., in a mainly 
gathering and hunting culture. This is the carliest 
satisfactorily dated example so far known of cul- 
tivated maize, and a discussion of its botanical 
implications was published by P. C. Mangelsdorf, the 
author and W. C. Galinat in Botanical Museum 
Leaflet, Harvard University, 17 (5), 1956. 
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African Botany 

A VrGETATION Map of Africa in colour, with 
accompanying explanatory notes by R. W. J. Keay, 
and with a French translation by A. Aubréville, 
has been published on behalf of ]’Association pour 
V’Etude Taxonomique de la Flore d’Afrique Tropicale, 
with the assistance of Unesco (Oxford University 
Press (1959), price 15s. in the United Kingdom only). 
The vegetation concerned is that which occurs 
south of the Tropic of Cancer. The author explains 
that the aim of the map is to show the vegetation as 
it is to-day and not the presumed climax types. He 
points out that the boundaries between the zones are 
seldom precise on the ground although, in the interests 
of clarity, they are thus represented on the map. 
The name selected for any particular zone relates to 
the most widespread natural or semi-natural type of 
vegetation found within it. Other necessary clarify- 
ing observations are also indicated. 


‘Parsnip’ Dermatitis 

UnpeEr this title B. J. Youngman has given an 
interesting account of various blisters and rashes 
caused by certain umbelliferous species, in particular 
those of Heracleum and Pastinaca (Kew Bulletin, 3, 
387; 1958). In one instance, boys who had been 
playing with the giant species Heracleum mante- 
gazzianum, using the stout stems as swords and 
telescopes, developed such severe red rashes and, 
later, blisters, as to require hospital treatment. This 
species of ‘cow parsnip’, which may grow to a height 
of 12 ft. with hollow stems 4 in. in diameter, is a 
native of the Caucasus. Originally introduced into 
Britain as a garden plant, it has now become natural- 
ized in waste places, along rivers, etc. The author 
also discusses the edible, acrid, and vesicant properties 
of other species of Heracleum and of Pastinaca, to 
which the domestic parsnip (P. sativa) belongs, and 
cites evidence of more or less severe dermatitis effects 
which have been traced to them. She also recalls 
that some of the Umbellifere have not merely acrid 
and scalding juices or ingredients but are virulently 
poisonous, for example, hemlock. So far the toxic 
principles present in species of Heracleum, Pastinaca 
and other umbelliferous plants have not been isolated 
or identified. 


The Mammals of Banff National Park, Alberta 

In 1885, an area of 10 square miles around the 
newly discovered hot springs in the Bow Valley of 
the Alberta Rockies was designated as Rocky 
Mountain National Park. This was Canada’s first 
national park. Since that date the park boundaries 
have been altered several times, and the name has 
been changed to Banff National Park. The present 
area of the park is 2,585 square miles. It stretches 
for 210 miles along the eastern flank of the Rocky 
Mountain from latitude 50° 45’ to 52° 45’ N. The 
western boundary is the continental divide. Six 
main mountain ranges, the axes of which lie north- 
west-south-east, are contained in the park. A 
survey of the mammals of the extensive area has 
been made by A. W. Banfield, who describes 17 
species in the Cordilleran fauna, 11 in the Boreal 
fauna, 7 in the Prairie fauna, 1 species in the Tundra 
fauna, and 18 of uncertain affinities (Nat. Mus. 
Canada, Bull. 159, Biol. Ser., 57). 


The Ophitron 
THE GENERAL Erectric Co., LTD., announces that 
a compact microwave-generator embodying a new 
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focusing principle has been developed at its research 


laboratories. The valve is an_ electrostatically 
focused backward-wave oscillator which has been 
named the ‘Ophitron’, after the Greek ophis, a 
serpent, the word being suggested by the undulating 
path of the electron stream flowing along the structure. 
The most striking advantages of the new oscillator 
are its small size (6 in. long and ? in. diameter) and low 
weight (7 oz.), and in addition the ‘Ophitron’ system 
has been designed to be simple to construct and to 
operate. A single stamped-out periodic structure 
and two flat focusing plates form the propagating 
path for the radio-frequency wave, and set up the 
periodic electrostatic field which focuses the electron 
beam. The system has the fundamental advantage 
that the crests of the undulating electron beam are 
brought into the region of maximum radio-frequency 
field. This feature gives good coupling between beam 
and wave, and Jeads to greater bandwidth than is 
obtained with the equivalent magnetically focused 
backward-wave oscillator. The present ‘Ophitron’ 
tunes electronically over at least a 40 per cent band 
in the 10,000 Me./s. region. A range of such valves 
is envisaged, covering most important centimetre 
wave-length bands. It is expected that the noise 
performance will be better than that of magnetically 
focused backward-wave oscillators due to the ion 
drainage from the electron beam inherent in the 
focusing method. 


Non-Oxide Glasses 

ARSENIC trisulphide glass is well known as a useful 
material in the construction of optical parts trans- 
mitting in the infra-red. It suffers from a very low 
softening temperature compared with the normal type 
of oxide glass, and so far there is very little promise of 
harder glasses being prepared with sulphur or selenium 
as the anion. Some of these glasses are semiconductors 
of high resistivity, greater than 10° ohm/cem./em..*. 
The Bell Telephone Laboratories have just announced 
an ingenious application of glasses in this family 
which puts to practical use the low-softening point, 
the property which is undesired in the other present 
uses. Glasses composed of varying proportions of 
sulphur or selenium with arsenic and_ thallium 
become very fluid at temperatures between 125° C. 
and 350°C. In this temperature-range the viscosities 
of the various glasses approximate to that of castor 
oil at room temperature. These materials have been 
found to be eminently suitable for coating small 
electronic devices by dipping into the castor oil-like 
liquid. At room temperature the materials are 
typically glass-like solids inert chemically to most 
reagents except concentrated alkalis. Several com- 
positions are said to resist oxidation in air to above 
250° C. Initial experiments in coating semiconductor 
devices have shown considerable promise. 


Joseph P. Kennedy, Jr. Memorial Foundation 

A Girt of one million dollars has been made by 
the Joseph P. Kennedy, Jr. Memorial Foundation 
for the establishment of the Joseph P. Kennedy, Jr. 
Laboratories for research on mental retardation, at 
the Massachusetts General Hospital. One half of this 
generous gift will be spent on the construction of 
these Laboratories and the other half will serve as an 
endowment to provide continuing operating funds 
This is the first of the endowed scientific researchships 
planned under the 1961 programme in observance of 
the 150th anniversary of the Massachusetts General 
Hospital. 
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Royal Society Research Appointments 

Dr. J. S. GILLESPIE, of the Department of Physiol- 
izy, University of Glasgow, has been appointed the 
first Sophie Fricke Royal Society research fellow in 
the Rockefeller Institute, where he will work on intra- 
ellular recording from innervated smooth muscle. 
lhis appointment is a new post which has been estab- 
lished by the Rockefeller Institute from funds left to 
the Institute by the late Miss Sophie J). Fricke of New 
York City, who died on March 1, 1958. The trustees 
of the Rockefeller Institute have authorized use of 
the income from the fund for the triple purposes of 
fostering international understanding, training scien- 
tists of exceptional promise and supporting significant 
research. It is the intention of the Rockefeller 
Institute to appoint four research fellows each year, 
from France, Denmark, Sweden and the United 
Kingdom, the selection being made by the French 
Academy of Sciences, the Royal Danish Academy of 
Sciences and Letters, the Swedish Royal Academy of 
Sciences and the Royal Society. 

A Locke research fellowship has been awarded to 
ly. B. G. Cragg, of the Department of Anatomy, 
University College, London, to work at University 
College, London, on the connexion and physiological 

nections of certain nuclei in the brain. Stothert 

search fellowships have been awarded to : Mr. W. D. 
Butt, of the Department of Biological Chemistry, 
University of Aberdeen, to work at the Molteno 
Institute of Biology and Parasitology, University 
of Cambridge, on intracellular hemoprotein com- 
pounds ; to Mr. R. A. Webster, of the Department of 
Pharmacology, University College, London, to work 

University College, London, on the pharmacology 

‘tetanus, and to Mr. J. A. Hunt, of Peterhouse, 
Cambridge, to work on the chemical structure of 
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Leopoldina Academy : New Members 


Ir is announced that the following, with others, 
have been elected members of the German Leopoldina 
\cademy of Natural Sciences, Halle: Mathematics 
Section, Profs. Herbert C. Grétzsch (Halle) and Hans 
Schubert (Halle); Physics Section, Prof. Otto 
Kratky (Graz) ; Geophysics and Meteorology Section, 
Prof. Erik Herbert Palmén (Helsinki) ; Chemistry 
Section, Profs. Gimnther Riena&cker (Berlin) and 
\Vilhelm Treibs (Leipzig); Botany Section, Profs. 
James Bonner (Calif.), William O. James (London) 
and P. Maheshwari (Delhi) ; Zoology Section, Profs. 
\. W. Iwanow (Leningrad), E. N. Pawlowsky 
Leningrad) and Fritz Peus (Berlin) ; and Geography 
Section, Profs. Rudolf Kaubler (Halle) and Ernst 
Neef (Leipzig). 


University News : London 


Pror. W. R. Nrsvett, director of the Institute of 
Kdueation, University of Leeds, has been appointed 
dean of the University of London Institute of Educa- 

m with the title of professor of education in the 
University. 

The following appointments to University reader- 
ships have been announced: Dr. D. J. Anderson 
physiology in relation to dentistry), tenable at Guy’s 
Hospital Medical School ; Dr. A. Ashmore (experi- 
nental physics), tenable at Queen Mary College ; 
I. F. Hobbiger (pharmacology). tenable at Middle- 
sex Hospital Medical School; Dr. M. B. Shapiro 
(psychology), tenable at the Institute of Psychiatry ; 
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J. W. Stewart (hematology), tenable at Middlesex 
Hospital Medical School; Dr. D. F. Cheesman 
(biochemistry), in respect of his post at Bedford 
College; Dr. A. P. Millman (mining geology), in 
respect of his post at the Imperial College of Science 
and Technology. 

Southampton 


THE University has conferred upon Prof. P. Ford, 
professor and dean of economics, who is retiring on 
September 30, the title of professor emeritus. Prof. 
Ford will formally open the newly completed building 
for the Faculty of Economics and the Ford Collection 
of Parliamentary Papers on October 14. Mr. R. G. 
Woods, of the University Library, Cambridge, has 
been appointed deputy librarian. The title of senior 
lecturer has been conferred upon Dr. G. W. A. 
Fowles (Chemistry), Dr. J. P. Jones (Aeronautical 
Engineering) and Dr. R. A. Pelham (Geography). 
The following lectureships are also announced : 
Dr. A. N. Clements (physiology and biochemistry) ; 
Di. J. Heading (applied mathematics); Mr. R. W. 
Page (mechanical engineering); Dr. J. R. Rydzew- 
ski (civil engineering) ; Dr. R. G. Scurlock (physics) ; 
Dr. E. V. Vernon (electronics). 


Announcements 


Mr. J. B. Apams, at present 
Proton-Synchrotron Group of the European Council 
for Nuclear Research near Geneva, has been appointed 
director of a new establishment to deal with controlled 
The work in this field now 
work 


director of the 


thermonuclear research. 
being done at Harwell, and 
now being done at the Atomic Weapons Research 
Establishment, Aldermaston, will be moved to 
this new establishment when its site has been 
chosen, 


some of the 


THE Elmer A. Sperry Award “‘for outstanding 
achievement in the field of transportation” will be 
presented in 1959 to the de Havilland Aircraft Co., 
Ltd., the creators of the world’s first jet passenger 
transport, the British-built Comet. Formal presen- 
tation of the award will take place in New York later 
this year at a joint meeting of the Institute of the 
Aeronautical Sciences and the Royal Aeronautical 
The award is sponsored by four engineering 
societies: the American Society of Mechanical 
Engineers, the American Institute of Electrical 
ingineers, the Society of Automotive Engineers and 
the Society of Naval Architects and Marine 
Engineers. 


Society. 


AN international symposium on Algology will be 
held at the Indian Agricultural Research Institute, 
Pusa, New Delhi, during December 7-12, under the 
joint sponsorship of the Indian Council of Agri- 
cultural Research and Unesco. Main topics which 
will be discussed are nitrogen-fixing algae, edible 
algae and their mass culture. Further information 
can be obtained from the Unesco South Asia Science 
Co-operation Office, 21 Curzon Road, New Delhi, 
India. 


ErrATUM. With reference to the communication 
entitled “‘A New Method for working up Processing 
Mixtures containing Anhydrous Aluminium Chloride” 
(Nature, July 11, p. 117), Dr. T. Széll states 
that a mistake was made in preparing the English 
translation: col. 2, line 1, for ‘20 ml.” read “25 
mi.”: 
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fe E presentation of the frontier regions of modern 

physics to an audience with a variable apprecia- 
tion of scientific and mathematical ideas is, inevitably, 
a difficult task. None the less, it is one which should 
not be shunned, unless we are inclined to assume the 
semantic barrier to be impassable between the pure 
scientist and the educated public. In the realm of 
crystal physics with its many facets, the choice of 
electron-states in crystals as a topic for a discussion 
by Section A (Physics) of the British Association at 
the recent meeting in York, did not minimize the 
difficulties of communication. However, in the first 
lecture of the session, I attempted to wean the 
audience from a ‘billiard ball’ conception of atomic 
particles and, with little more than de Broglie’s 
hypothesis and the Bragg reflexion law to assist me, 
to carry them into the mysteries of the energy-band 
theory of solids. It was not too difficult to begin a 
discussion of the wave behaviour of electrons in the 
ordered periodic-field of a crystal lattice, but the 
going became somewhat harder when the unavoid- 
able introduction of wave vector space occurred. 
However, the vagaries of the effective electron mass 
were a little better appreciated by adding the visual 
aid of a bubble in a spirit-level as an analogy of the 
positive hole. It was inevitable that such treatment 
by analogy involved a considerable loss of rigour, 
but to me it proved to be a valuable exercise in 
transmitting the important results of the wave 
mechanical theory of solids without recourse to the 
mathematical building-materials allowable to the 
postgraduate seminar room. 

The niceties of the band theory for electrons in a 
perfect crystal were soon disturbed by the reversion 
to practical situations. The next phase of the lecture 
dealt with the various crystal imperfections, their 
effect on electron and hole behaviour and _ their 
importance in semiconductor electronics. Again, 
treating the matter non-rigorously in terms of simple 
electrostatic forces, brings the problem of donor- and 
acceptor-levels and types of lattice vacancies into a 
relatively familiar perspective, and in this instance 
introduced some of the ideas to be used in the follow- 
ing lecture given by Dr. V. Hesketh. 

Many of the important foundations of both experi- 
mental and theoretical solid-state physics were laid 
by the pioneer work of Prof. R. W. Pohl and his 
research school in Gé6ttingen using the simplest 
of crystals, the ionic alkali halides. For an audience 
raised by this stage of the proceedings into the ‘thin 
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but bracing air’ of wave mechanics, the appearance 
in a place of honour among beautifully ‘ coloured 
single-crystals of a familiar packet of common table- 


salt provided a ‘down to earth’ relief. The theme of 


Dr. Hesketh’s lecture was the alkali halide crystal as 
a model solid for investigation. Such a claim appears 
to have been justified by the subsequent discussion. 


Optical, electrical and other studies provide some of 


the most certain evidence on the nature of lattice 
vacancies, single or in aggregation, in solid-state 
physics to-day. An important feature of this talk 
was the link which it indicated between such elec- 
tronic investigations and those concerned with 
mechanical properties and the role of dislocations in 
crystals. A connexion with another interest of 
Section A, magnetism, was in evidence in the para- 
magnetic-resonance studies of alkali halides. From 
the general discussion which followed the lecture 
there was a hint that a ‘North eye’ was being turned 
towards dislocations by those, like Prof. L. F. Bates, 
who follow the motion of magnetic domains. It 
was a pity that there was no opportunity to demon- 
strate other links which are rapidly being forged 
between different branches of solid-state physics and 
those under examination. 

If one might, in conclusion, offer an overall impres- 
sion of this session in the proceedings of Section A 
at the York meeting, it is that the conditions of 
limited time and contact of the meetings have a very 
stultifying effect on any attempt to make an effective 
contribution to the communication of new physical 
concepts to a wider audience of educated people. On 
this occasion, in spite of the central position occupied 
by wave-mechanical ideas in the session, it was not a 
mathematical but a time barrier which blocked the 
transmission of information. Perhaps this will be 
borne in mind by the Association in framing a new 
position for itself as a most important medium for 
translation as well as transmission of scientific 
information. From my own limited experience, there 
is no doubt that courses extended over the year, 
making use of the facilities offered by extra-mural 
departments of the universities and similar organiza- 
tions for further education, would provide a means 
of digestion for the strong meat of modern physics. 
As a corollary, the lecturer must bend his rigour of 
thought to breaking point so that he may admit 
familiar, though inadequate, analogies as carriers 
across the semantic obstacles. 


G. F. J. GARLICK 


SCIENCE BY THE UPPER FORM 


N innovation of Section X (Assembly of Cor- 

responding Societies) of the British Association, 
whereby a selected panel of young scientists of 
sixth-form status are able to present short papers 
on projects with which each has been connected, 
was continued for the fifth successive year at the 
York meeting of the Association. This year there were 
five speakers drawn from Yorkshire schools, each one 
representing a school team engaged on the acquisition 


of scientific knowledge in the field, under competent 
leadership. 

Ampleforth College, York, led the way with a paper 
by M. L. M. Wright on *“‘Physiography and Scenery 
of the Isle of Eigg’’, excellently illustrated by colour 
slides showing the rugged grandeur of an isolated 
area along the western Scottish coast of only some 
twelve square miles in extent. Life is hard for the 
humans living there, and precarious for plant and 
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animal life, dictated by Nature over countless years. 
The object of the expedition was to study the influence 
of land formation and climatic conditions on the 
vegetation of the island, even to an investigation 
o: soil-salt content, which was found to vary con- 
siderably at different levels, the highest percentage 
of salt being at 500 ft., with diminishing amounts 
down to sea-level. Members of the party collected 
some 250 species of plant life, but no new records 
were discovered. Further work in the area is to be 
undertaken. 

In a joint effort, the two speakers who followed 
(A. N. P. Butland and P. A. Crossley, of St. Peter’s 
School, York) dealt with “‘Some Scientific Aspects 
of the River Ouse’’, the former confining himself to 
the work of the analytical chemist in connexion with 
water supply ; a work in which he had taken part. 
Methods adopted in order to detect any possible 
contamination were described, and the results 
obtained at various points were given, from which 
it was apparent that the purity of Ouse water is well 
safeguarded. 

P. A. Crossley concerned himself with ‘foaming’ 
in rivers and canals, a natural phenomenon the reason 
for which was explained, but in these days very much 
accentuated by the growing use of detergents. The 
River Don was said to foam much more than the 
Ouse ; the Trent slightly less. Excellent slides were 
shown to illustrate foaming along these rivers, with 
graphs to present results of investigations made. 
Each speaker presented an interesting picture of 
problems involved. 

“The Sedges of Askham Bog’’ formed the subject 
of Shaun Firth’s paper, excellently illustrated by 
colour slides. The area investigated is well known 
to naturalists and close to York. It carries a variety 
of sedges but, so far as the speaker knew, no systematic 
study of them had been carried out, interest having 
ranged only around the rarer species, such as the 
handsome Carex appropinquata. In consequence a 
group of boys from Bootham School, York, including 
the speaker, undertook to remedy the omission. 
The aim was to compile a full list of species and, if 
possible, “to account for the presence and perform- 
ance’’ of the sedges. ‘‘We are aware,’’ remarked the 
speaker, ‘‘we have come nowhere near an exhaustive 
treatment of the subject . . . what made our study 
of the sedges so enjoyable was the fact that new data 
came to light with practically every visit to the Bog, 
to upset our rashly formed theories and force us to 
observe further and think again.’ So this, it would 
seem, is but the introduction to a hitherto neglected 
subject. 

The Bar Convent Grammar School, York, was well 
represented by Nancy G. Proctor, who, after only 


THE MUSEUMS 


TT HE sixty-fifth annual conference of the Museums 
Association was held at Worthing during June 
15-19. The proceedings opened with an informal 
reception in the entirely re-organized Museum and 
Art Gallery and members were particularly interested 
in the additional accommodation provided by a new 
gallery, laboratory, workshop and storage space. 
The Conference continued on the following day 
with an official welcome from the Mayor, Councillor 
Horace W. Bradley. This meeting, as the others, was 
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eighteen months residence in the City, has absorbed 
much of its history, having received an introduction 
by becoming an assistant to Mr. Wenham, history 
master of St. John’s College, York, who is carrying 
out an excavation under the wxgis of the two local 
archeological societies. Thus Miss Proctor has in a 
short time been able to increase her knowledge of 
Roman antiquities, and to add this to her main 
interest in the archeological field which embraces the 
works of prehistoric man, in particular the study of 
promontory forts. Her work in York, even of so short 
a period, enabled her to trace the City’s growth from 
the time when there was only an “insignificant 
wooden fort founded on the site in 70 A.p.’’, 
and to describe graphically recent investigations 
which she and members of her school have under- 
taken. 

Another well-known Yorkshire educational estab- 
lishment supplied both speaker and illustrator for the 
final paper, “The Seasonal Rhythm and Behaviour 
of the Birds of Bempton Cliffs’, the former in the 
person of Eileen Burton, and the latter Joanne 
Littlefair, pupils of the High School for Girls, Brid- 
lington. A _ bird-watching group visited Bempton 
at weekly, or twice-weekly, intervals during the year, 
where along an eight hundred feet stretch of the high- 
est. cliff, members studied the seasonal variation of 
population and the behaviour of six species of nesting 
seabirds—kittiwake and herring gulls, gannet, guille- 
mot, razorbill and fulmar petrel. The date of the 
arrival of each species was carefully noted, together 
with time of egg laying and hatching, and departure. 
A count made along 200 ft. of the cliff showed the 
kittiwake to be the commonest species present during 
May (915), followed by guillemot (543), razorbill (18), 
fulmar (15), gannet (13), and herring gull (5). Five 
gannet chicks were hatched and reared in 1959, and 
as a pair of this species nested on a new ledge there 
would appear to be hope for an extension of the 
nesting area, which is the solitary British mainland 
station, all others being found on islands. A study 
was made of bird display at various times, methods 
adopted during time of incubation, and of the 
feeding of young, which gave Miss Littlefair an 
opportunity of producing drawings of remarkable 
quality, which were used to illustrate the talk in 
wall-chart form. 

The Countess of Albemarle, president of Section X, 
occupied the chair throughout the meeting and in her 
closing remarks complimented the sixth-formers on 
their powers of observation, method of presentation 
and keenness in the respective tasks undertaken, 
a tribute not only to the young people but to 
their teachers and leaders as well. 

J. A. S. STENDALL 


ASSOCIATION 


held in the spacious and attractive rooms of the 
Assembly Hall placed at the disposal of the Con- 
ference by the Corporation of Worthing. 

Dr. W. E. Swinton, British Museum (Natural 
History), in his presidential address, after outlining 
the early struggles of the Association, emphasized the 
value of television and urged both museums and art 
galleries to use it extensively. It was, he said, the 
acceptable medium of to-day, ‘easy, lazy but direct’. 
There was abundant evidence that already it had 
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attracted people to visit museums and see the actual 
objects. Dr. Swinton emphasized the close relation 
between science and the arts and stated that whereas 
thirty years ago they were pleading for more science 
in museums, which were then chiefly artistic, in this 


scientific age there was some need for a reversal of 


the process. 

The main subject of the Conference was museums 
and finance, introduced by Lord Rosse, chairman 
of the Standing Commission on Museums and Art 
Galleries. After recalling the increase of grants from 
the government which had recently taken place, he 
emphasized particularly the need for more staff in 
museums. The present shortage of staff was both 
absolute, because there were not enough qualified 
people, and comparative, because museum rates of 
pay were not competitive with comparable profes- 
sions. He felt that museums should not depend too 
much on the Exchequer but that local authorities 
and others should do their share. Dr. Barnett Stross 
hoped that curators would use the increased grant of 
£15,000 made available through the Victoria and 
Albert Museum. He felt that the chief needs of the 
museum movement were for staff of high status with 
adequate pay, a high standard of conservation and 
for more realistic purchase grants. Sir Hamilton 
Kerr thought that two stages were necessary, an 
immediate first aid operation and secondly an expert 
committee to consider all the problems confronting 
museums in Britain. Sir George Dyson outlined the 
help that the Carnegie United Kingdom Trust had 
given to museums over the past thirty years, and 
Sir Philip Hendy gave some striking facts of the 
magnitude of the loss suffered by the decay of private 
patronage since 1914. Sir John Hobhouse outlined 
the initial steps taken by the newly formed South- 
West Rogional Council, and Mr. E. M. Hutchinson, 
National Institute of Adult Education, was anxious 
that local authorities should use to the fullest extent 
the power to raise money that has already been 


vested in them. 
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At the close of the discussion resolutions were 
passed endorsing the recommendations of the Stand- 
ing Commission relating to tax reliefs on gifts and 
bequests which should be made applicable to all 
museums ; urging the Standing Commission to form 
a joint committee with the Museums Association to 
advise on all professional matters and requesting the 
Joint Committee on Government Assistance to make 
a survey of existing conditions in museums and art 
galleries. 

In a discussion on the country house and the 
museum, Mr. R. Romilly Fedden, secretary of the 
Historic Buildings Committee of the National Trust, 
emphasized that the great country house with its 
contents formed a living organism, and stated that 
the trust had close relations for expert advice and 
so on with museums. Lord Methuen suggested that 
the Government might take over some of the empty 
great houses not too far from London and use them 
for showing secondary pictures from the Nationa! 
Gallery. He also advocated the co-operation of 
persons with specialized knowledge on local authority 
conunittees. Mr. Philip James, director of Waddes- 
don Manor, stated that the crux of the problem fo 
using furnished country houses as museums was 
how to get as many people as possible round the 
house without destroying its atmosphere as a home. 

At the annual general meeting Dr. W. E. Swinton 
was re-elected president, Mr. G. L. Conran was 
elected secretary and Sir John Rothenstein, editor. 
Mr. Charles Carter (Aberdeen), Mr. R. R. Clarke 
(Norwich), Dr. D. Dilwyn John (Cardiff) and Dr. Mary 
Woodall (Birmingham) were the newly elected profes- 
sional councillors and Sir Hamilton Kerr, the Institu- 
tional councillor. The Earl of Rosse and Dr. D. B. 
Harden were appointed as additional vice-presidents. 
It was decided to hold the 1960 Conference at 
Stoke-on-Trent during July 4-9. 

The concluding day was devoted to field meetings 
to inspect the historic and archeological wealth of 
Sussex. 


THE INTERNATIONAL VETERINARY CONGRESS 


rT HE sixteenth International Veterinary Congress, 
held in Madrid during May 21-27, was attended 
by nearly 2,000 members of the veterinary profession 
from all continents, including official delegates from 
fifty-two countries and more than one hundred from 
the United Kingdom. The Congress, under the 
patronage of the members of the Spanish Govern- 
ment, enjoyed the hospitality of the University of 
Madrid. The inaugural general assembly and plenary 
session meetings took place in the large hall of the 
new and magnificent building of the Faculty of Law. 
The variety of the papers—about 400 in all—pre- 
sented during the Congress was very great. They 
were concerned with physiology, nutrition, pathology, 
public health aspects of anima! diseases, food products 
and veterinary education. A balanced review is not 
practicable here, but a few papers of greater general 
interest and a few more interesting papers presented 
by British delegations can be mentioned. 
“As a result of the extensive public interest and 
concern there has been considerable research and 
Earth's 


investigation into contamination of the 


surface with radioactivity, and its subsequent effect 


on farm animals, as well as on man and human food 
of animal origin. It has been found that an extremely 
contamination with fission 
to produce any sig- 


heavy environmental 
products would be necessary 
nificant damage 2s a result of external exposure of 
farm animals to {- or y-rays. The radiation exposure 
of farm animals from grazing in contaminated areas 
presents no significant hazard to the animals, except 
perhaps in localities very close to test sites. Cows 
contaminated with radionuclides may become a 
potential hazard to man through milk, in which they 
are secreted in more significant quantities than in 
any other animal food product. Papers on this 
problem were presented by American, German, Dutch 
and Swedish workers. It was generally agreed that 
in order to be able to appraise continually the effects 
of fall-out from atomic-weapon tests, and of the 
discharge into air and water of waste from all plants 
where nuclear energy is produced and applied, it is 
necessary to make regular measurements of the radio- 
activity present in soil, water, air and food. 

A role of the veterinary profession which has not 
yet been fully exploited is that concerning public 
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health, and particularly the problem of diseases 
which are transmissible from animals to man. Nearly 
one hundred diseases are known to be so trans- 
inissible, and additional ones are still being found. 
Some of these diseases are transmitted by direct 
contact of man with live animals, others are trans- 
mitted indirectly to people through the consumption 
of milk, eggs or meat. Diseases transmitted from 
unimals to man are defined as ‘zoonoses’. At present 
there are many international groups or agencies that 
are coneerned with the contro] of the zoonotic 
diseases, but still closer collaboration is necessary 
between the medical and the veterinary professions 
in protecting man from zoonoses. 

One subject which has not before been discussed 
was that of blood groups of domestic animals. In 
dogs, six distinct blood group factors are recognized. 

As is the case with newly born babies, it is 
possible for newly born foals and pigs to die from 
hemolytic disease, which is a pathological condition 
resulting from the union of maternal antibodies with 
hlood-group factors of the red cells of the foetus. 

There were several interesting contributions from 
Great Britain. Workers at the Research Institute 
for Animal Virus Diseases (Pirbright) reported new 
knowledge on living attenuated vaccines which gives 
hope of a method of combating foot-and-mouth 
disease in countries where it is widely spread. Foot- 
and-mouth disease is one of the most serious viral 


diseases affecting cattle in nearly every country of 


the world. 

Workers of the Glasgow Veterinary School have 
reported successful trials with a vaccine produced 
against lung-worm infection, which causes great losses 
n cattle and sheep. Immunological basic work con- 
cerning parasites was reported by workers from Cam- 
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bridge. They also demonstrated a correlation between 
immunity and chemotherapy. From the Cambridge 
Veterinary School there also came an important 
paper classifying respiratory diseases in poultry. 

A paper on the intérnational standardization of 
veterinary biological products was delivered by the 
director of the Veterinary Laboratory of the Ministry 
of Agriculture and Fisheries. 

At a charming ceremony during the Congress the 
president of the Royal College of Veterinary Surgeons 
presented honorary associateships, awards usually 
made during the Congress, to five eminent foreign 
veterinary scientists. 

The Spanish people were the most hospitable hosts 
and, in addition to the well-organized scientific site 
of the Congress, they had prepared a very full pro- 
gramme of evening receptions and other social fune- 
tions that were greatly enjoyed and appreciated by 
the members of the Congress. At the closing general 
session of the Congress an invitation conveyed by the 
German delegation to hold the seventeenth Inter- 
national Congress in Hanover, in order to celebrate 
there the centenary of the Congress which first 
started in Germany, was received with acclamation. 
The first International Congress on animal] diseases 
was held in Hamburg in 1863. It was initiated by 
an English veterinary surgeon, Prof. John Gamgee. 
The principal subjects of discussion during the first 
congress were rinderpest, also called cattle plague, 
contagious pleuropneumonia of cattle and sheep pox. 
All these diseases ceased to exist in Britain many 
years ago. 

The veterinary profession combating many devas- 
tating diseases of animals plays an important part, 
not only in the improvement of the health of animals, 
but also the health of man. M. A. Sorrys 


PLANT GROWTH REGULATION 


f leo fourth Internationa] Conference on Plant 
Regulation was held at the Boyce 
Research, Yonkers, 


Growth 
Thompson Institute for Plant 
Now York, during August 10-14. The Conference was 
sponsored jointly by the Institute and by the New 
York Botanical Garden and the Brooklyn Botanic 
(arden. The programme was co-ordinated with the 
ninth International Botanical Congress held in 
Montreal, Canada, during August 19-29. 

The Conference was attended by many invited 
participants from seventeen countries. The United 
i\ingdom was represented by sixteen participants. 
lhe jast conference was held at Wye College (England) 
in 1955, and before that conferences were held at 
the University of Wisconsin in 1949 and in Paris 
under the auspices of the League of Nations in 1937. 

The first day of the Conference was devoted to 
naturally occurring growth substances, the second to 
the gibberellins, the third to the synthetic auxins, 
and the fourth to other plant growth substances. 
Chairmen of the various sessions included, Prof. 
K. V. Thimann (Cambridge, Mass.), Dr. H. Burstrém 
(Lund, Sweden), Dr. P. W. Brian (Welwyn, England), 
Prof. F. Lona (Parma, Italy), Prof. R. L. Wain (Wye, 
ingland), Dr. J. Henderson (Tuskegee, Alabama), 
Dr. P. E. Pilet (Lausanne, Switzerland) and Dr. J. 
van Overbeek (Modesta, California). Major evening 
addresses were given by Dr. William J. Robbins, 


director emeritus of the New York Botanical Garden, 
on the “Expanding Concepts of Plant Growth Regula- 
tion”’, and by Dr. James Bonner (California Institute 
of Technology) on the “Probable Future of ‘Auxin- 
ology’ ’ 

In addition to the scheduled papers ample time was 
provided for discussion. The papers presented and 
the discussion remarks will be published in book 
form by the Iowa State College Press in May 1960. 
Copies will be sent to each participant and will be 
available to others at nominal cost. 

Among the new advances reported at the Con- 
ference was the isolation of a new class of auxins 
from Maryland Mammoth tobacco by Dr. D. G. 
Crosby (Union Carbide Chemicals, South Charleston, 
West Virginia) and Dr. A. J. Vlitos (Caroni, Ltd., 
Trinidad, formerly at the Boyce Thompson Institute). 
About 10 mgm. of active chemicals were obtained 
from a ton of tobacco leaves and growing tips. One 
of the chemicals was identified as 1-docosanol and 
the other as a long-chain fatty acid not yet fully 
characterized. Bruce Stowe (Harvard) also presented 
results showing the growth-promoting activity of 
long-chain aliphatic compounds. 

Prof. T. A. Bennet-Clark (University of London) 
reported on the effect of gravity on the distribution 
of auxins. The metabolism of indole auxins in plants 
was discussed by C. H. Faweett, R. L. Wain and 
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F. R. Wightman of Wye College. The isolation of a 
new acid from coconut milk which gives about half 
the stimulation produced by whole milk was reported 
by L. H. Weinstein, L. G. Nickell and W. J. Tulecke 
(Boyce Thompson Institute and Chas. Pfizer). 

New concepts on the relation between structure 
and auxin activity with special reference to the 
requirements for reactions with necessary binding 
sites were discussed in separate papers by Prof. 
K. V. Thimann and Dr. J. van Overbeek. Some 
physical chemical aspects of synthetic auxins with 
respect to their mode of action were presented by 
Prof. V. Freed (Oregon). 

This was the first international conference in which 
the gibberellins were discussed. The Japanese 
scientists who carried out some of the early work 
with the gibberellins, T. Hayashi, J. Kato and Yusuke 
Sumiki, were on hand to present their most recent 
results. Dr. P. W. Brian (Imperial Chemical Indus- 
tries, Welwyn), who was a pioneer in directing the 
attention of the Western world to the Japanese 
discoveries and who has been very active in this 
field, reported on new developments from his lab- 
oratory. Evidence showing the probable widespread 
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occurrence of gibberellin-like substances in higher 
plants was presented by C. A. West (University of 
California). 

A feature of the Conference was a memorial dinner 
to the late P. W. Zimmerman (Boyce Thompson 
Institute), who with his associate A. E. Hitchcock 
first tested 2,4-D for its effect on plant growth and 
development. Other chemicals first tested in his 
laboratory include indolebutyric acid and_ I-naph- 
thaleneacetic acid as well as a variety of substituted 
derivatives of benzoic acid and various substituted 
aryloxyacetic acids. P. W. Zimmerman was origin- 
ally a member of the organizing committee for this 
Conference but became ill while on a business trip 
and died in August 1958 at the age of seventy-four. 

Financial support for the Conference was given 
by the Rockefeller Foundation, the National Science 
Foundation, and fifteen industrial companies _in- 
terested in agricultural chemicals. George L. McNew, 
managing director of the Boyce Thompson Institute, 
was chairman of the Organizing Committee for the 
Conference. A. J. Vlitos was secretary of the Organiz- 
ing Committee and chairman of the Programme 
Committee. LAWRENCE P. MILLER 


THE BRITISH RAYON RESEARCH ASSOCIATION 
OPEN DAYS 


FY AHE British Rayon Research Association held 

the fourth of its annual open days during 
May 6-8. The total attendance was 900-1,000, a 
marked increase on the two previous years.  En- 
couraged by the favourable reception last year, the 
senior chemist and senior physicist 


again gave short lectures, after CHO 
lunch on each day, illustrating | 
the relevance of the basic re- H—C—On 


problems in | 
Instead of HO C_H 


f-0.0-50}, 


search to current 
the textile industry. 
endeavouring to demonstrate all 
the work of the Association, a ' 
limited number of current. re- H_-C_OH 
searches on topical problems were | 
illustrated rather more fully than CH,OH 
usual, and it is believed that this ‘ 
approach may have been, in 
part at least, responsible for the 
very high attendance. Two aspects 
of the work, namely, that on ‘fluid beds’ and that 
on vibration problems in spinning machinery, were 
not exhibited because of the desire not to inter- 
rupt this work at a critical stage of evaluation. 

During the past year the research programme of 
the Association has been critically reviewed par- 
ticularly in view of the improvements required in 
the finishing of fabrics constructed from continuous 
filament viscose and acetate yarns to enable them 
to compete with resin-treated cotton fabrics. The 
emphasis on this work has led to a reduction in work 
on dyeing and on the photo-sensitized oxidation of 
cellulose and to the termination of the work on the 
alkaline degradation of cellulose. Concurrently with 
this, more attention is being given to research on 
the mechanical properties of textile fibres and to 
the study of the fine structure of crystalline polymers 
with the object of defining parameters which will 
characterize these polymers. 


Cellulose 


The recent work on the alkaline degradation of 
cellulose has considerably strengthened the con- 
clusions on the mechanism put forward previously. 
This mechanism can be summarized in the following 


reaction sequence : 


CH,OH CH,OH COOH 
CO CO C(OH).CH,OH 
HO CH co CH, 


| | 


tt), i —— &.-08 
| | | 
H -C—OH H—C—OH CH,OH 
CH,OH CH,OH 
(I) 


HO—(G),, isosaccharinie acid 


The intermediate (I) has now been isolated and its 
structure proved. The alkaline rearrangement of (I) 
is specifically catalysed by calcium and in lime water 
an almost theoretical yield of the isosaccharinic acid 
is obtained. The complex mixture of acids obtained 
with sodium hydroxide from this intermediate under 
the hot alkali-refining conditions used in purification 
of wood pulp is very similar, qualitatively and 
quantitatively, to that obtained from cellulose under 
the same conditions. 

A considerable part of the resources of the Associa- 
tion are now directed to obtaining an understanding 
of the structure of textile fibres and attempting to 
correlate these with their physical, and particularly 
their mechanical, properties. On the chemical side 
a systematic study of the effect of known numbers 
of specific cross-links in cellulose and of substituents 
in specific regions, namely, crystalline or amorphous, 
of the cellulose on the mechanical properties has been 
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in progress during the past year. The study of the 
formation of structure in solution-precipitated poly- 
iers is still in progress, but the first system examined, 
cellulose triacetate in chloroform, has been rejected. 
lolydecamethylene terephthalate in benzophenone 
appears to be a more suitable svstem. Further work 
on the fine structure of cellulose has established that 
te microfibrillar structures observed in “Tenasco’ 

id ‘Fortisan’ materials are not artefacts but are 
structural features of these materials. Their sig- 
nificance with regard to the physical properties 
of these materials has not, however, been estab- 
lished. 

The determination of the amount of crystalline 
material in any crystalline polymer requires special 
consideration for each case. In the case of the de- 
termination of crystallinity in cellulose by X-ray 
uethods the problem is to obtain the shape of the 

ittering of the amorphous component in which 
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there is considerable orientation, as there is always 
considerable overlap with the crystalline reflexions. 
An independent assessment of the shape of the 
orphous seattering curve is being made by com- 
ring the information which can be extracted from 
the X-ray diagrams of highly oriented rayon fibres 
with the entirely ‘amorphous scattering’ of freeze- 
dried cellotetraose, and of ball-milled viscose and 
native cellulose fibres. (It is well established that 
hall milling will completely destroy the crystalline 
tructure.) A study, by narrow-beam X-ray and 
other techniques, of the nature of spherulites in 
nvlon and of their effect on the mechanical properties 
this material has been started. 
It is difficult to find a new approach to under- 
anding the mechanical behaviour of textile fibres. 
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A textile fibre is essentially a uniaxial solid and most 
measurements on stress/strain relations are referred 
to this axis. In many applications, for example the 
evaluation of the stress system in a yarn, the be- 
haviour of the fibre in a direction perpendicular to 
this axis may be of equal importance. The mechanical 
behaviour of an elastic solid with axial symmetry 
should be completely characterized, within the region 
of small strains, by five constants. An attempt is 
being made to measure these constants on polymer 
films, which are more amenable to such measure- 
ments than fibres, and to study their dependence 
on orientation. 

The main emphasis in the Technological Department 
has been, and will continue to be, on quality. In 
continuous filament yarns, periodic over-straining 
caused by inadequate control of tension in winding 
processes can cause a variety of faults in cloth which 
often appear markedly only after dyeing.  Instru- 
ments have been developed for measuring processing 
tensions and the properties of filament yarns and 
these are now being marketed. This type of work 
has absorbed a large amount of technological effort. 
Certain weft-way types of cloth fault which occur 
as ‘shiring’ in continuous filament acetate fabrics and 
as ‘cloudiness’ in low construction nylon and ‘Tery- 
lene’ fabrics appear to be due to frictional effects 
between warp and weft yarns, and consequently, 
in the weaving research, more emphasis is being placed 
on these frictional effects. 

The number of staff is 266. This total is made up 
as follows: research staff, 90; laboratory and tech- 
nical assistants, 77; engineering, drawing office and 
maintenance staff, 59; library and administrative 
staff, 31; canteen staff, 9. L. A. WISEMAN 


NEW RESEARCH AND PRODUCTION FACILITIES OF 
CIBA (A.R.L.), LIMITED 


EW research laboratories, a new production 
4 plant and sales office extensions of Ciba (A.R.L.), 
Limited, at Duxford, Cambridge, were formally 
opened by Dr. R. Kiappeli of Ciba, Limited, on 
May 21 during the celebration of the twenty-fifth 
nniversary of the establishment of the Company. 
The new laboratories are housed in an L-shaped, 
o-storied building of concrete and brick construc- 
tion with large plate-glass giving the 
aximum internal illumination in conformity with 
odern concepts in laboratory construction. The 
w building, together with the existing research 
locks, encloses three sides of lawn and shrub garden. 
Internally, the use of teak, exposed facing brick and 
hite-painted surfaces accentuates the functional 
character of the design of the building. 
The upper floor of the new building re-houses the 
search and development department, and the space 
ius vaeated in the original buildings is being used 
for application and technical service work on wood 
lhesives. With the additional laboratory space 
iow available in the upper floor of the new block, 
he group of graduate chemists and their technical 
ussistants in the research and development depart- 
inent are able to explore more thoroughly the current 
csins marketed by the Company, resins of the epoxy- 
‘soreinol, phenol, urea and melamine types. The 
ork is concerned with the development of resins 


windows 


and hardeners for casting and laminating purposes, 
for chip-board and wood-glue manufacture, as well 
as with specialized applications such as adhesives for 
metal bonding, printed circuits, high-temperature 
performance and a host of other uses. The extreme 
variety of the applications to which these classes of 
resins may be put, and the differing conditions under 
which they are employed, necessitate a continued 
and intense search for modified and improved chemical 
properties and physical forms. An integral part of 
the investigations undertaken by this unit is the 
testing of these new and modified materials, and the 
upper floor of the new building contains a test room 
well equipped with the necessary machines. This 
department maintains a close co-ordination with 
the other departments in the organization concerned 
with the application of existing products. There is, 
in addition, a jecture room where frequent colloquia 
and lectures are given by scientists from the plasties 
and related industries and by scientists from the 
academic world. 

The ground floor of the new building contains the 
laboratories of the newly formed fundamental research 
department, which is devoted to the study of the 
synthesis of new plastic substances with improved 
mechanical and electrical properties and with high- 
temperature and chemical stability. The scope of the 
work is not restricted to adhesives, but embraces the 
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Fig. 1. The new Ciba (A.R.L.) research laboratories 


possible uses of plastics in many fields. The new 
group is divided into seven teams, each of which is 
investigating some distinct aspect of the problem, 
including the synthesis of new raw materials and the 
pursuit of new condensation and pelymerization 
processes. In addition to the usual equipment 
required for this type of work, the department has 
an analytical section where particular emphasis is 
given to infra-red and ultra-violet spectrophotometric 
and vapour-phase chromatographic analysis. The 
ground floor also contains a central chemical and 
glassware store and a glass-blowing room, and there 
is easy access to the library, which has also been 
expanded to meet the increased requirements. 

The addition to the research staff at Duxford 
brings the proportion of those employed in laboratories 
on research, application, formulation and quality 
control to twenty per cent of the total staff employed. 
It is clear that the laboratory work can be greatly 
assisted by the use of modern and automatic equip- 
ment and wherever possible this is done, but the 
quality and quantity of these investigations are still 
dependent upon the individual skill, knowledge and 
efforts of the scientist and technician, and every new 
field entered necessitates an increase in the laboratory 
staff. In contrast to this, the factory has repeatedly 


been able to increase the volume of production 
without proportional increases in the labour force 
employed, and this has been possible only by the 
continuous introduction of fully automatic processes. 
An outstanding example of this is provided by the 
new plant, which is now in production, for the 
manufacture of epoxy resins—resins based upon the 
condensation of diphenylo] propane with epichlor- 
hydrin. This plant—although it has a working area 
of more than 16,000 square feet, several types of 
reaction vessel and ancillary distillation units with 
miles of pipe work and more than 500 valves—is 
maintained by only three men per shift and has more 
than five times the capacity of the plant it replaces. 
In the new plant the equipment has been designed 
with the view of minimizing fire hazards; the 
building itself is of concrete and glass with dished 
floors to contain spillages, is well ventilated and 
sited away from the tank farm for the inflammable 
solvents used in the process, and also from the 
accompanying control laboratory and switch-house. 
These new facilities, continuing the programme of 
expansion of both research and production, demon- 
strate the rapid growth of the industry and the faith 
of those who have determined this growth from the 
modest beginnings of the early 1930's. R. F. WEBB 


THE ATOMIC ENERGY AUTHORITY 
REPORT FOR 1953-59 


HE fifth annual report (pp. vii+68+4 plates. 

London: H.M. Stationery Office, 1959. 5s. net) 
of the Atomic Energy Authority and the last to be 
issued over Sir Edwin Plowden’s signature, who is 
being succeeded as chairman by Sir Roger Makins 
on January 1, 1960, covers the year ended March 31, 
1959. In that year work started on construction at 
Windscale of the advanced gas-cooled reactor proto- 
type, the last of the four Calder Hall reactors became 
critical on December 8, 1958, the first reactor at 
Chapelcross came into use for generating electricity 
on February 25, 1959, and the Authority’s staff 
increased from 30,341 to 35,260. No final decision 
has been reached regarding the transfer from Harwell 
to Winfrith Heath of the whole of controlled thermo- 
nuclear project. The terms of the first contract for 


the supply of fuel for a nuclear power station overseas 

the Latina station of Agip Nucleare—were nego- 
tiated during the year. The Industrial Group has 
been divided into two groups: development and 
engineering, under Sir William Cook, and production. 
under Sir Leonard Owen; executive, as well as 
functional, responsibility has now been restored to 
the technical members of the Board. 

The report reviews briefly progress made during the 
past five years in the application of nuclear energy, 
during which the first five large-scale nuclear power 
stations came into operation: besides Calder Hall 
and Chapelcross, the United States 60 MW. pressur- 
ized water reactor power station at Shippingport. 
the French 30 MW. gas-cooled, graphite-moderated 
reactor power station at Marcoule and the U.S.S.R. 
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100 MW. graphite-moderated, water-cooled reactor 
power station in Siberia. In the United Kingdom 
gas-cooled, graphite-moderated reactors developing 
towards exit gas temperatures of 550° C. and 750°C. 
promise to lead to higher efficiency and ratings and 
a 30 per cent fall in capital costs of nuclear power 
stations is predicted with the development of the 
present main types. The application of radioactive 
isotopes continues to grow, including the use in 
industry of control instruments based on radioactive 
isotopes, such as thickness gauges. Total sales of 
radioisotopes and related products rose from £650,000 
to £800,000, the proportion exported remaining at 
about 60 per cent, to 55 countries. Plans for the 
extraction of radiocwsium from radioactive waste 
are being considered in the United Kingdom and the 
potential output amounts to tens of millions of curies 
per annum. In raw materials, developments during 
the year confirmed that the present over-supply of 
uranium is likely to persist at least until the late 
1960’s, and the uranium requirements of the free 
world’s current military and civil programmes can 
now be met by mines already in production, and it 
seems likely that the forward price of uranium may 
fall below 8 dollars per pound. 

Apart from its first aim of ensuring the successful 
construction and operation of the nuclear power 
stations now under construction for the electricity 
hoards, the Authority’s reactor development pro- 
gramme comprises extensive work on the develop- 
ment of more advanced types of reactor, the aim of 
which is to provide progressively cheaper sources of 
nuclear power, and here the achievement of lower 
capital costs is a major objective. Efforts are being 
made to develop ways of using as fuel the plutonium 
that will gradually become available from the 
burning of uranium in the early stations. Beyond 
the natural uranium reactors two stages of develop- 
ment are envisaged. First, the advanced gas-cooled 
reactor and the water-modulated reactors seek to 
attain lower capital costs by using slightly enriched 
fuel. Secondly, the high-temperature gas-cooled 
reactor being developed at Winfrith Heath as a joint 
project with other member countries of the European 
Nuclear Energy Agency, and the fast breeder reactor 
at Dounreay are characterized by both low capital 
costs and negligible net fissile fuel consumption. 
While the present type of gas-cooled, graphite- 
:oderated reactor may command a market overseas 
where large stations are required, the report points 
out that considerable advances in nuclear technology 
will be required before smaller reactors (20-100 MW.) 
hecome competitive in normal circumstances. The 
study of plutonium utilization in reactors continued 
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as well as reactor physics studies in several zero 
energy reactors. 

The report summarizes further research on con- 
trolled thermonuclear reactions. The main object 
of the present experimental programme on Zeta and 
Sceptre III is to discover the reason for the excessive 
loss of energy to the torus walls during the current 
failure. Work on smaller-scale gas-discharge devices 
was considerably expanded and some of the formid- 
able technological problems involved in building a 
thermonuclear reactor are being studied. An Advisory 
Committee under the chairmanship of the Board 
Member for Scientific Research was set up in Decem- 
ber 1958 to examine and keep under review all 
aspects of the Authority’s research programme on 
controlled thermonuclear reactions, to advise the 
Member responsible for research policy on the merits 
of proposals for new work, and to make recom- 
mendations on changes in policy which seem 
necessary. Other research and development work 
being carried out by the Research Group, the 
Industrial Group and the Weapons Group is also 
briefly summarized. The first ranges from metallurgy, 
the physics of the solid state to work on particle 
accelerators. That of the Industrial Group extends 
far beyond the Group’s laboratories, and extra- 
mural agreements between the Group and _ univer- 
sities, research associations and industry now accounts 
for about a tenth of the Group’s annual expenditure 
on research and development. That of the Weapons 
Group is illustrated by its examination of soluble 
chelate complexes of the alkaline earth metal ions 
and by its measurements of particle size, including 
use of a centrifugal system to increase the rate of 
sedimentation with the photo-sedimentometer. 

Since its establishment in 1958 under the chairman- 
ship of Sir Douglas Veale, the committee advising 
the Authority on the supply of specialized health 
and safety staff has had detailed consultations 
with many Government departments, hospitals, 
universities and industry. An interim report to 
the Authority reeommended the initiation of courses 
in radiobiology and radiological physics at selected 
universities and provision of studentships if possible 
for the 1959-60 academic vear. This recommendation 
has been accepted in principle by the Authority and 
details of the scheme are being worked out in collabora- 
tion with the University Grants Committee and the 
Department of Scientific and Industrial Research. 
The amount of research and development work con- 
tracted out by the Authority continues to increase 
and more than three hundred professional staff and 
technical staff from industry have worked with 
Authority staff during the vear. 


THE INSTITUTE OF PHYSICS 


few main sections of the thirty-ninth annual 
report of the Board of the Institute of Physics 
for 1958 (Pp. 18. London: Institute of Physics, 
1959), which was presented to the annual general 
ineeting of the Institute on July 7, deal with member- 
ship, examinations, education and _ publications. 
During the year, 851 applications for election or 
transfer to the various grades of membership were 
received. The total membership increased by 415 to 
5,309, with a slight decrease in the number of 
subseribers (430 compared with 453 in 1957), but 


with fairly large increases in the associateship and 
student membership grades. Seven technical colleges 
which had applied for recognition as institutions 
possessing courses of study approved for the purpose 
of the membership regulations were visited by repre- 
sentatives of the membership and examinations com- 
mittee and six of the applications were approved. 
In addition, the application by the Borough Poly- 
technic, London, for recognition of courses on which 
the Diploma of Technology in physics is awarded 
was granted. Twenty-six of the eighty candidates 
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who presented themselves for the examination for 
the graduateship grade of membership were success- 
ful; twelve were university graduates and fourteen 
held the Higher National Certificate in applied 
physics. Forty-one colleges presented 637 candidates 
for the Ordinary National Certificate in applied 
physies and twenty colleges 246 candidates for the 
Higher National Certificate. 

A joint committee of the Institute and the Physical 
Society has been set up to inquire into the post- 
graduate training of physicists and has held dis- 
cussions with university and industrial physicists. 
The report on ‘The Teaching of Mathematics to 
Physicists’’, which was prepared by a joint committee 
of the Institute and the Mathematical Association 
and published originally in 1943, is now being revised. 
The Institute was invited to give its views on the 
subject of grants to students, and the text of the 
memorandum submitted by the Board to the govern- 
mental committee under the chairmanship of Sir Colin 
Anderson was published in the January issue of the 
Institute’s Bulletin. 

Satisfaction is expressed in the annual report at 
the standard and increased circulation of the In- 
stitute’s older monthly, the Journal of Scientific 
Instruments. There was no significant change in the 
circulation of the other monthly, the British Journal 
of Applied Physics, but both journals suffered a 
further decline in advertisement revenue. New 
arrangements for selling advertising space to become 
effective during 1959 and for widening the scope and 
content of the British Journal of Applied Physics 
have been decided upon. A new feature in the 1958 
British Journal of Applied Physics was the intro- 
duction, in the June and October issues, of a “New 
Books’ section which together contained reviews of 
87 books. The type size of the Bulletin was reduced 
for the 1958 volume. This resulted in a considerable 
saving in paper, but the 366 text pages, comprising 
twenty-five articles and fifty-two book reviews, etc., 
contained more material than the 404 pages of the 
previous volume. 
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The first annual dinner of the Institute was held 
on March 26, 1958, at the Savoy Hotel, London, when 
267 members and guests were present. 

The Institute maintains nine branches and seven 
specialist groups in Great Britain, and two branches 
overseas, in Australia and Malaya respectively. The 
activities of these sections are briefly described in 
the annual report, together with extracts from the 
reports of the Board’s representatives and nominees 
on joint and other committees and organizations. 
The South Australian Division held the sixth 
Australian instrument exhibition in Adelaide during 
August 19-22, at the same time as the Adelaide 
meeting of the Australia and New Zealand Associa- 
tion for the Advancement of Science. The second 
Einstein Memorial Lecture was delivered in October in 
Adelaide by Prof. B. J. Bok, who took as his subject 
“Stellar Evolution’. The London and Home Counties 
Branch held a joint meeting in March with the 
London Section of the Royal Institute of Chemistry 
on the subject of science and society, and the South- 
Western Branch joined with the Education Group 
in a three-day conference in April at the University 
of Bristol on ‘‘Physies in Schools”. The Electronics 
Group and the Midland Branch collaborated in a 
one-day symposium during April on some applications 
of solid-state physics in computers and automation, 
and in September the Group held a two-day confer- 
ence on “Solid-State Memory and Switching Devices” 
at University College, London. The Non-Destructive 
Testing Group held its summer meeting in Paris 
jointly with the Société Francaise de Métallurgie, 
when the subject of discussion was *‘The Utilization 
of Physical Properties for Studying Relationships 
between the Constitution Structure and Service 
Behaviour of Metals’’. 

At the general meeting of the Institute, the follow- 
ing were elected to take office on October 1: President, 
Sir George Thomson ; Vice-President, Dr. J. M. A. 
Lenihan; Hon. Treasurer, Dr. J. Taylor ; Hon. Secre- 
tary, Prof. F. A. Vick ; and New Ordinary Members 
of Council, Dr. V. E. Cosslett and Mr. L. Rotherham. 


SOME INTERNATIONAL GEOPHYSICAL YEAR 
ACHIEVEMENTS 


FT XHE Royal Society has issued under the above 
| title a small pamphlet constituting an interim 
statement at the end of the observational phase of 
the International Geophysical Year. The pamphlet 
contains short notes, arranged under the fifteen sub- 
ject fields, of statistical details of the work done and 
of important new deductions so far made from the 
International Geophysical Year observations. Some 
features of special interest are as follows. 
Meteorology. Ozone observations at the Royal 
Society base, Halley Bay, Antarctica, show an 
annual variation in total ozone content with a sharp 
increase in early summer markedly different from 
the variation over the Arctic where there are smooth 
rises and falls about ean autumn minimum. 
Geomagnetism. Halley Bay is found to have been 
most advantageously sited for recording geomagnetic 
disturbances as it is the only antarctic station just 
outside the zone of greatest concentration of iono- 
spheric currents. In one magnetic storm the range 


of the fluctuations in horizontal force reached the 


enormous value of one-sixth the average value of 
horizontal force. 

Ionosphere. Halley Bay has recorded remarkable 
features in the diurnal variation of ionospheric 
electron density in winter. The noon value in 
winter exceeds that at noon in summer and is ten 
times that at midnight. In summer the diurnal! 
range is small with a minimum at midnight. These 
variation types change over suddenly near the 
equinoxes. 

Solar activity. United States ionospheric observa- 
tions made by rocket reveal the existence of a power- 
ful flux of solar X-rays at the time of a solar flare. 
This X-ray flux produces the increase in D-level 
ionization which in turn affects long-range radio 
communications. 

Cosmic radiation. Cosmic ray measurements made by 
Van Allen with the United States artificial satellites 
have, as is now well known, revealed the existence of 
an intense belt of cosmic radiation surrounding the 
Earth. 
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Oceanography. British ships have observed directly 
the deep ocean currents of the North Atlantic using 
the ‘Swallow’ acoustic signalling float which can be 
sot to drift at the required depth. One of the currents 
;neasured was a southward one below the Gulf Stream. 
Nuclear radiation. The existence of the Inter- 
wtional Geophysical Year network of nuclear 
sampling stations in Europe permitted a detailed 
study to be made of the diffusion of radioactive 
material released by the Windseale nuclear reactor 

cident in November 1957. 

The full prescribed observational work ceased with 
1958 and the main task of the present and future 
is the study of the observations made during the 


RADIO FIELD-STRENGTHS 


T is well known that radio-communications con- 
] ducted by waves which are propagated by 
reflexion from the ionosphere are critically dependent 
on the properties of the layers of ionized gas which 
transmit and attenuate the signals. The regular 
observation of the characteristics of the ionosphere 
it stations distributed widely over the Earth’s surface 
has made it possible to understand and explain many 
phenomena which were obscure even ten years ago. 
The International Radio Consultative Committee 
has, among its other studies, been investigating 

any technical problems involving the propagation 
of radio-waves by way of the ionosphere ; and of 
hese a most important one is that of tropical broad- 
casting, for which high-frequency waves are much 
more effective than medium waves on account of 
the very high atmospheric noise-level present in most 
ropical regions. Unfortunately the attenuation of 
the signals in the higher-frequency bands is much 

‘eater during the day than is usual at higher lati- 

ides and the reflecting layers are also less stablo. 
Thus the problem of providing an adequate signal-to- 
noise ratio is considerably more difficult in the tropics. 

The past studies of the International Radio Con- 

iltative Committee had shown that the standard 

vethods of computing the field-strength of sky-wave 
gnals were considerably in error at low latitudes ; 
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year. It is, however, planned to continue some 
observations, apart from those which are part of 
regular meteorological, etc., services, during 1959 
under the title “International Geophysical Co-opera- 
tion 1959”’. 

The International Council of Scientific Unions has 
formed special committees to co-ordinate further 
international work in antarctic research, oceanic 
research and space research. 

A further possibility is the making of a magnetic 
survey on a world-wide scale during the next sunspot 
minimum for comparison with the magnetic observa- 
tions made during the maximum period with which the 
International Geophysical Year was timed to coincide. 


IN THE TROPICS 


but it also became clear that the additional basic 
data obtained in recent years provided an explanation 
of many of the discrepancies disclosed. In a report* 
by W. R. Piggott, recently published by the Depart- 
ment of Scientific and Industrial Research, Radio 
Research Station, this subject is reviewed with the 
aid of an analysis of the problem of identifying the 
most effective type of ionospheric reflexion for 
particular circumstances. This report shows that 
some of the difficulties in interpreting the results of 
field-strength measurements at low latitudes have 
been due to changes in the dominant mode of iono- 
spheric propagation, and the consequent variations 
in the attenuation of the waves, and the angle of 
elevation at which they arrive at the receiver. The 
rate of advance of knowledge of this subject depends 
on the continual interplay of practical observations 
with theory ; and it is hoped that the publication 
of this report, together with its presentation at 
the Plenary Assembly of the International Radio 
Consultative Committee recently held in Los Angeles, 
will encourage radio research workers in low latitudes 
to investigate their wave-propagation phenomena 
in' more detail. 

* Department of Scientific and Industrial Research. Radio Research. 
Special Report No. 27; The Calculation of the Median Sky Wave 
Field Strength in Tropical Regions. By W. R. Piggott. Pp. 38. (Lon- 
don: H.M. Stationery Otfice, 1959.) 2s. 6d. net. 


BRITISH BOOKS AND FOREIGN MARKETS 


N reply to a series of questions in the House of 

Commons on June 22 regarding the supply of 
British books and periodicals overseas, Dr. C. Hill, 
the Chancellor of the Duchy of Lancaster, made a 
long statement which was circulated in Hansard. 
"he study of ways and means of increasing the flow 
f British books and periodicals overseas has now 
een completed. Recognizing that British books can 
® much to help other peoples to understand our 
vay of life and that they make a very real contribu- 
tion to the life and thought of other nations, the 
tatement points out that there is an ever-increasing 
demand for reading-matter in English, and we must 
do more to promote the flow of British reading-matter 
overseas. Other countries are already producing large 
unounts of well-produced attractive literature which 


is easy to read and inexpensive and is aimed par- 
ticularly at Asian and African countries. Although 
in 1958 exports totalled nearly £24 million, or almost 
two-fifths of the turnover of the United Kingdom 
book trade, several countries impose, for currency 
reasons, substantial restrictions on imports of British 
books and periodicals and our exporters cannot make 
further headway in these markets. Low individual 
incomes in many countries and the lack of effective 
library and other distribution systems are also major 
difficulties. 

Accordingly, the Government has decided to take 
five steps to promote the export of British books and 
periodicals : 

(i) To enter into negotiations with various countries 
with the aim of establishing schemes operating 
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broadly on the lines of the British book export 
schemes which were established during the War and 
in the immediate post-War period. 

(ii) To promote the production of low-priced 
editions of a range of British books for sale in certain 
countries where there is a large unsatisfied demand 
for such books. This will call for substantial Govern- 
ment expenditure. 

(iii) To authorize a further expansion of the British 
Council’s library services in several centres and of 
the Council’s resources for presentations of books 
and periodicals abroad on which the Council this 
year expects to spend in all about £650,000. 

(iv) To assist, through the British Council, in the 
development of library systems in some Colonial 
territories, including the establishment of central 
libraries, regional branches, book vans and book boxes. 

(v) To co-operate with publishers in measures to 
enable them to increase their circulations in some 
of the more difficult markets overseas. 

Parliamentary approval for the expenditure 
involved will be sought at the earliest convenient 
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opportunity and it will be necessary to proceed in 
consultation with the Governments of the Common- 
wealth and foreign countries concerned, and Dr. Hill 
promised to inform Parliament as soon as agreements 
had been concluded. In reply to a further question 
Dr. Hill said that the increase in the British Council’s 
resources would be concentrated on scientific and 
technical books, but the schemes to be negotiated 
with countries where import restrictions prevent the 
flow would cover a wide range of books. He hoped 
that in the next year it would be possible to reach 
up to 2 million copies of low-priced books. This 
would be done in association with the publishers who 
own the copyright of the books concerned and would 
involve Government aid to narrow the gap between 
the economic price and what could be paid in the 
countries of reception. Replying to specific questions, 
Dr. Hill said that British book exports in 1958 to 
India were recorded in the Trade and Navigation 
Accounts as £424,427, to Pakistan £39,950, to Ceylon 
£15,732 and to Israel £9,473. Dr. Hill estimated 
the increased expenditure as about £500,000 next year. 


FORESTRY IN NEW ZEALAND 


rT HE annual report of the director of forestry of 

New Zealand for the year ending March 31, 
1958, is of more than usual interest in that it includes 
a general historical review of both departmental 
activities and general land use and administration, 
covering the past forty years. The need for such a 
review had been particularly stressed by the Minister 
of Forests (Mr. Tirikatene) and was prompted also 
by the meeting of the British Commonwealth Forestry 
Conference which had been held in the country 
during September—October 1957. The Minister him- 
self (a Maori) contributes a prologue recognizing that 
the great forestry effort involved in creating a very 
large acreage of exotic softwood plantations, mainly 
of Pinus radiata from California, by the quick pro- 
duction of an alternative supply of essential timber, 
has saved a large remnant of the native forest: at 
the same time he calls for much greater attention to 
the maintenance of this forest, especially for its 
value in protecting soil and conserving water. The 
disastrous consequences of the denudation of the hill- 
sides in the form of soil erosion and then extensive 
floods are all too widespread and serious to be 
ignored any longer. Quoting two specific examples, 
he suggests that the Urewera indigenous forests in 
North Island, largely in Maori ownership, might in 
the national interest have to be managed primarily 
for soil stabilization and water retention, not timber, 
while in the hills behind Canterbury, all land more 
than 3,000 ft. high might have to be taken out of 
pastoral use; even the city itself is now threatened 
by flood devastation. It must be encouraging to 
the Forest Service to have this official backing, which 
is combined with full recognition of the essential 
need of stable finance for the necessary research work 
and for remedial measures. 

The visit of the Commonwealth Conference stimu- 
lated the preparation of a number of research papers 
covering many of the lines of activity which have 
called for special attention of recent years. Some of 
the topics dealt with are also currently prominent 
elsewhere, especially where softwood plantations 


play an important part; such are problems in 
genetics, and the relation between sylvicultural treat- 


ment and market requirements in respect of both 
dimensions and quality (whether for timber or pulp). 
There are also problems of the later management and 
regeneration of the plantations, as in the United 
Kingdom. During recent years, a good deal of 
thought has been given to the management and 
regeneration of the native forests, both those with 
important softwoods, notably kauri (Agathis australis) 
and the various species of Podocarpus, and the ‘beech’ 
forests (Nothofagus spp.). Encouraging progress is 
being made but rates of development are, of course, 
very slow compared with those of the introduced 
conifers, and, as already noted, these forests have 
other functions to fill as well as timber production. 

The Commonwealth Conference appointed a special 
committee to report on New Zealand forestry. In 
the report, as Resolution 6 of the Conference, alarm 
is expressed at the poor condition of the remaining 
indigenous forest as a result of past exploitation, and 
expansion of research programmes is urged; the 
publication of Volume 1 of the ‘National Forest 
Survey of New Zealand” for these forests in 1953 
is commended, es is also the extension of the survey 
to protection forests. 

It may be noted that damage to the native forests by 
introduced animals, above all red deer and opossums 
but also wild goats and pigs, is still a really serious 
problem, so much so that there is a special division 
to deal with ‘noxious animals’. To reinforce shooting 
operations in the natural forests, bounties are paid 
for animals killed outside. The numbers killed in the 
year in what do not claim to be more than ‘holding’ 
operations are striking, namely, 55,000 deer, 28,000 
goats, 4,000 pigs and 4,000 chamois by the State 
alone. The opossums are mostly killed outside the 
reserves, 900,000 in the year (after more than a 
million in 1956). 

The control of noxious animals was only taken 
over by the Forest Service two years ago and there 
is a strong case for a similar taking over of soil 
conservation and river control, so that the troubles 
can be dealt with at their source instead of trying 
to remedy them after the damage has already been 
done, as is currently happening. 
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There is still a big exotic planting programme, 
8.744 acres having been added in the past year. 
The major features are the clearing and replanting 
of former failures, notably those with Pinus scopu- 
lorum, &® mistaken choice, and the extension of the 
work on to the coastal sands of the North Island 
which are unsuitable for agriculture, where the 
plantations will not only be productive in themselves 
but will also protect the fields from sand encroach- 
ment. 

The annual report of the New Zealand Forest 
Research Institute for the same year ending March 31 


NATURE 607 


(Pp. 100. Wellington: Government Printers, 1958) 
amplifies many of the points referred to above, and 
it also looks back over its first decade of work, 
expressing the feeling that it is now well established 
as a fully co-ordinated research centre, with an 
advisory committee representing both industry and 
all related research organizations. The graduate 
staff now numbers nearly fifty with a comparable 
number of technicians, but the Commonwealth 
Conference thought that there is still need for an 
increase on both the forestry and forest products 


sides. H. G. CHAMPION 


UBIQUINONE AND VITAMIN E 
By Dr. THOMAS MOORE 


Dunn Nutritional Laboratory, University of Cambridge and Medical Research Council 


YOME time ago we noticed! the presence in the 
J) livers of rats of an alkali-labile substance with a 
sharp absorption band at 275 my. For the purpose 
of studying the distribution of vitamin E in the body 
the rats had been given diets which were only barely 
sufficient in vitamin A. This restriction was intended 


to eliminate the strong spectroscopic absorption of 


vitamin A at 328 my, and so allow the measurement 
of vitamin E by its weaker absorption® at 294 um. 
In the body-fat of rats given wheat germ, rich in 
vitamin E, the presence of this vitamin was readily 
detected. In the liver, however, the detection of 
vitamin E was made difficult by the absorption at 
275 mu which has already been mentioned. 

We were reminded? of these early observations by re- 
ports by Lowe, Morton and Harrison‘ of fractions from 
the livers of rats deficient in vitamin A which adsorbed 
at 275 mu, with other maxima at 233, 283 and 332 mu. 
These workers thought, at the time, that abnormal 
steroid products had been formed as the result of the 
avitaminosis. We confirmed the presence of a band 
near 275 my in liver extracts of rats deficient in 
vitamin A. Saponification of the liver-fat with hot 
alcoholic potash caused the band to disappear, but 
it survived the same treatment when applied to the 
liver tissues. Presumably the tissues protected an 
unstable substance against oxidation. The band dis- 
appeared from solutions which were treated with 
85 per cent sulphuric acid, were aerated, or stored 
for 37 days at — 10°C.; it survived treatment with 
digitonin. Sterol-free extracts of unsaponifiable 
matter, made by the direct saponification of the 
, were neither fluorescent under ultra-violet 
irradiation nor chromogenic in the antimony tri- 
chloride test. By paper chromatography evidence 
was obtained of the presence of two substances with 
absorption maxima at 275 mu. One had a single 
sharp band at this position, but the other had also 
an inflexion at 330 mu. Both substances were faintly 
vellow, but had no selective absorption in the visible. 
Bands at 272-275 my were also found in liver extracts 
from rats which had been cured of avitaminosis A, 
from normal sexually immature rats, and from a 
normal pig and guinea pig. 

The existence of two substances, with their main 
absorption maxima at the positions observed by us’, 
was also reported by Heaton, Lowe and Morton’. 
The names substance A and substance C were given. 
Both had their absorption maxima at 275 my, but 
C differed from A in having a sharper inflexion at 


tissues 


330 my. ; both substances 4A and C were found in the 
livers of normal animals, although the concentration 
of substance C in the liver of normal rats was much 
lower than in the livers of rats suffering from vitamin 
A deficiency. A and C were also found in various 
tissues other than liver, and in different species®.®. 

Further extensive investigations by the Liverpool 
school, reviewed by Morton’, have led to the isolation 
of substance A. It is not a sterol product, as first 
expected, but a derivative of 1-methy]-5,6,dimethoxy 
p-benzoquinene. In view of its wide distribution the 
name ubiquinone was given. The striking feature of 
its structure is a long unsaturated side-chain, com- 
prising 50 carbon atoms, attached at the 2 position. 
Similar conclusions as to the constitution of 
ubiquinone, otherwise known as Q 2758 or mito- 
quinone’, have been reached in America!’. According 
to Lester, Crane and Hatefi!!, ubiquinone is only one 
of a whole new series of quinones, which vary in 
the nature of the side-chain. 

Some workers!® consider that ubiquinone plays an 
important part in tissue oxidations. Others!* have 
ascribed a similar role to vitamin E. The roles of 
both vitamin E and ubiquinone in heart muscle 
preparations have been reviewed by Slater!™, who has 
suggested that the question whether there is a 
chemical or functional relationship between the two 
substances deserves investigation. 

Vitamin E and ubiquinone have common properties 
in being soluble in fats, in being capable of under- 
going reversible oxidation or reduction, and in being 
unstable to alkaline saponification in the presence of 
oxygen. They differ in vitamin E being found in 
animal tissues mainly in the reduced state, whereas 
ubiquinone is mainly in the oxidized state. Regarding 
their distribution, ubiquinone has been found mainly 
in mitochondria, whereas vitamin E can be stored in 
the body-fat!. Since vitamin E is a potent anti- 
oxidant, it might possibly intervene in the meta- 
bolism of ubiquinone by protecting it against 
irreversible and destructive oxidation. 

It was of interest, therefore, to inquire into the 
effect of vitamin E deficiency on the concentration 
of ubiquinone in the tissues. The preliminary 
evidence on this point! may now be re-examined on 
the basis of pure ubiquinone having # (1 per cent, 
lcm.) at 272 mu = 167. A rough estimate of the 
concentration of ubiquinone, without allowance for 
the possible presence of substantial amounts of sub- 
stance C, may be calculated from the difference 
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Fig. 1. Absorption spectrum of an extract of the heart of a rat, 


deticient in vitamin E. The presence of ubiquinone is indicated 
by the maximum at 275 mu 


between the absorption of the extracts at 275 mu 
before and after saponification. On this basis the 
liver of a rat which had been kept for four months 
on a diet deficient in vitamin E contained about 
320 ugm. of ubiquinone per gm. The liver of a rat 
which had been kept for two or four months on a 
diet containing 60 per cent of wheat germ, and there- 
fore rich in vitamin E, showed little difference from 
that of the deficient animal with 270 and 290 ugm. 
per gm. of ubiquinone, respectively. 

These early values for liver have now been supple- 


mented by results, obtained by the co-operation of 


Dr. I. M. Sharman and Miss Margaret Smith, on 
rat’s hearts. The hearts were taken from piebald 
males, which had received a diet deficient in vitamin 
E for eight months. The severity of the deficiency 
was demonstrated in all the animals by the de- 
generation of their testes. Since vitamin A does not 
accumulate in the heart in more than traces, it was 
unnecessary to restrict the intake of this vitamin, as is 
advisable when the liver is to be examined for 
ubiquinone. The hearts were digested in aleoholie 
potash in the presence of pyrogallol as an additional 
protective agent'®, and the fraction containing 
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ubiquinone was extracted with ether. In spectro- 
photometric examination the maximum at 275 mu 
seemed sharp enough to provide a rough indication 


of ubiquinone contents without further refinement of 


the extract. A typical curve is shown in Fig. 1, from 
which it will be seen that there was no inflexion at 
330 mu, the position indicative of substance C. For 
four deficient rats, ubiquinone concentrations of 
277-365, mean 338 ugm. per gm. of heart, were 
found. Four similar rats, which had been given the 
same diet but with adequate doses of dl-x-tocophery! 
acetate, had ubiquinone concentrations of 303-371, 
mean 331 ugm. per gm. of heart. No evidence of an 
absorption maximum at 294 my, indicative of 
vitamin E, could be seen in heart extracts from 
either the rats deficient or adequate in vitamin K. 
This was in line with our early experience! that the 
detection of vitamin E in liver extracts is prevente:l 
by ubiquinone even when vitamin A is absent. 

In these investigations, therefore, there was no 
indication of any relationship between the ubiquinone 
contents of the tissues and the vitamin E status. 
Morton’ has reached the same conclusion, but his 
evidence has not yet been published. 
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MECHANISMS OF RESISTANCE OF ADULT HOUSEFLIES TO THE 
INSECTICIDE DIELDRIN 


By F. P. W. WINTERINGHAM and A. HARRISON 


Pest Infestation Laboratory, Slough, Bucks 


ENDING the successful syntheses! at this Labora- 

tory of the insecticides labelled with carbon-14, 
the absorption, metabolism and excretion of the sul- 
phur analogue labelled with sulphur-35 (II) of dieldrin 
(1) by dieldrin-resistant (R) and susceptible (8) adult 
houseflies (Musca domestica) have been studied. 
Adults of the S-strain were from the normal labora- 
tory stock. Pupz of the R-strain were obtained 
through the kindness of Dr. J. R. Busvine and 
originally collected at Omdurman (Sudan)?. The 
first generation of R-adults at this Laboratory 


(March 1957) displayed little resistance to topically 
applied I but after breeding through 6 generations 


on larval food containing I at a final concentration 
of 150 p.p.m. the adults were highly resistant to 
either I or II when applied topically in aceton« 
There was evidence of only a slight initial loss ir 
resistance in adult /F-flies after breeding through a 
further 19 generations in the absence of I. 

The radioactive insecticide (II) was applied topic 
ally to the dorsal thorax in 211. acetone to individual! 
R- and S-adult flies while under mild cyclopropane 
anesthesia and the flies kept in fresh air at 25° C. with- 
out food or water for 3 hr. Signs of poisoning appeared 
in S-flies alone towards the end of this period. The 
flies were confined in groups of 10 or 20 to 1-in. strips 
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of Whatman No. 1 paper by means of shallow glass- accumulating mainly in the abdomen. Resistant 


covered cages so that almost all the excreta and vomit 
were collected on the paper. Control groups were 
similarly set up in which the ani had been sealed to 
prevent excretion. The difference between the 
radioactivities recovered on the normal and control 
papers thus represented net excretion ; radioactivity 
of the control paper represented contamination by 
mechanical contact with the flies, vomit, ete. After 
3 hr. the insects were anwsthetized and rinsed in 
acetone to remove unabsorbed insecticide. Heads, 
thoraxes and abdomens were separately homogenized 
and extracted with acetone. Acetone-insoluble 
metabolites were assayed in the extracted 
Unchanged insecticide and metabolites were determ- 


tissues. 


ined by radio-paper chromatographic techniques. 
Only unchanged insecticide was recovered from flies 


which had been killed by heat before the experiment 
except for a small fraction present in all extracts 


which behaved as the sulphone of II under the 
conditions of paper chromatography used and _ is 


believed to arise largely through atmospheric oxida- 
tion. The results of experiments in which 2 ugm. of 
labelled II was applied to adult flies (50 males 
50 females) are collected in Table This dose was 
lethal to all S-flies but innocuous with respect to 
R-flies. The results were determined as *S-radio- 
activity, corrected for decay, self-absorption, ete., 
and expressed as a percentage of the dose applied. 
After 3 hr. all the S-flies became prostrate and 
ceased to excrete ; but metabolism of the absorbed 
insecticide continued for several hours, the metabolites 


pp 1. FATE OF (*S) SULPHUR ANALOGUE OF DIELDRIN 3 HR. 
TER TOPICAL APPLICATION TO DIELDRIN RESISTANT (R) AND SUS- 
poe (S) ADULT HOUSEFLIES AT A DOSE OF 2 “GM. PER INSECT 


R-strain 
Per cent 
applied dose 


S-strain 
Per cent 
applie d dose 


Lost by volatility ofinsecticide* during 


treatment, manipulation, etc. 34-3 272 
Unabsorbed from cuticle 37°6 45-0 
Unchanged insecticide in head 1-6 2-0 
Unchanged insecticide in thorax 72 79 
Unchanged insecticide in abdomen 6°6 6:2 
(cetone-insoluble metabolites in head 0:2 0-1 
(cetone-insoluble metabolites in 

thorax 1:0 0:7 
\cetone-insoluble metabolites in 

abdomen 5-2 4:3 
Unchanged insecticide excreted 3:4 2°7 
Water-soluble metabolites excreted | 0°3 0°8 
Water-insoluble metabolites excreted 0°5 0:9 
“nchanged insecticide lost by mech- 

anical contact and vomit. 21 232 

100 100 

fotal effective detoxication: stored 

metabolites + excreted metabolites | 
and insecticide as per cent dose | 

absorbed | 38 35 


* Determined by difference, but in one experiment a loss to the air 
of the insect chamber was demonstrated radiometrically. 
Not sulphate. 


flies, on the other hand, continued to excrete their 
metabolites. Thus, sealing of the anus had little 


effect on the accumulation of metabolites in the 
abdomen of the S-fly but a marked effect on that of 
the R-fly as shown graphically in Fig. 

Some experiments were made with a non-insecti- 
cidal compound labelled with bromium-82 (III) so 
that metabolism and excretion of a related compound 
by S- and R-flies could be compared in the absence of 
toxic effects. These experiments indicated that over 
a 24-hr. period both strains excreted similar propor- 
tions of the unchanged compound together with small 
similar proportions of water-soluble metabolites. 

These experiments strongly suggest that resistance 
of the R-flies to dieldrin is not due to lack of cuticular 
penetration, or to a gross difference in the rates of 
excretion or metabolism of the insecticide by the 
S- and R-insects. An efficient defensive mechanism 
is certainly operating in the f-insect during the first 
3 hr. because, towards the end of this period, the 
S-insect rapidly succumbed and there were signs of 
an irreversible lesion such as an exhaustive burst of 
respiration and fall of tissue «-glycerophosphate. 
Other experiments at different dosages (0°37-5 ygm. 
insecticide/insect), or of different duration (0 -3—24 hr.), 
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Fig. 1. Accumulation of sulphur-35 metabolites in the abdomens 

of adult houseflies exposed to 2 ugm. dieldrin—**S analogue. 
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or with an independent pair of S- and ?-strains have 
led to the same conclusions. 

By chemical assay March, Metcalf and Baich 
(Metcalf, R. L., personal communication) were unable 
to find any difference in cuticular penetration or 
in the apparent disappearance of absorbed dieldrin 
from their susceptible and resistant houseflies. 

The protective mechanism may be confined to 
particular sites, which involve only a small fraction 
of the absorbed insecticide. For example, Yamasaki 
and Narahashi® found some evidence of a lowered 
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sensitivity to dieldrin of the exposed thoracic ganglion 
of resistant houseflies which did not involve detoxica 
tion in other tissues. 

These experiments are part of an investigation into 
the mechanisms of dieldrin resistance in Diptera, 
supported in part by a research grant from the 
World Health Organization. Full details will be 
published elsewhere. 

' Brooks, G. T., J. Chem, Soc., 3693 (1958). 
* Busvine, J. R., Nature, 174, 783 (1954). 
* Yamasaki, T., and} Narahashi, T., Botyu-Kagaku, 28, 146 (1958). 


MOLECULAR SHAPE AND THE PHYSICAL PROPERTIES 
OF MUCIN 


By R. A. GIBBONS 


National Institute for Research in Dairying, Shinfield, Reading 


Ep pearagenemm mucin is an important secretion 

unusual physical properties, 
and it has been shown, in two instances, that the 
materials responsible for these physical propertics 
are so-called ‘neutral’ mucoids of the blood group 
substance type!. Little is known at present of the 
molecular form of this class of compound ; but 
evidence obtained, mainly flow- 
birefringence measurements, indicating that 
particular mucoids are molecules of the ‘random-coil’ 
type’. It is of interest to re-examine some earlier 
work on mucoids of this type in the light of this 
result. In particular, the physico-chemical data 
on the human blood group mucoids of Morgan and 
co-workers? may be re-considered. 
were isolated from the same source and carefully 
purified using similar mild techniques; they differ 
in molecular weight over the range 2-6 x 10° to 
1-8 «x 10% but the chemical differences between 
them are, from the physico-chemical point of view, 
minor. ‘They may thus be taken to represent a 
homologous polymer series, something difficult to 
find elsewhere in the field of mucoid chemistry. 

Of the relationships known to exist between 
members of a homologous polymer series of random 
coils, two may be tested using published physico- 
chemical data. The relationship between sedimenta- 
tion coefficient at infinite dilution, s), and M, the 
molecular weight, should be of the form s, A 4 
ByYM, where A and £# are constants*. Further, 


-d( Js)9 (c 
| dec jJc->-o 


dent of MW as the following considerations will show. 
Burger’s equation for the variation of sedimentation 
rate of suspension of spheres with dilution has been 
found applicable to a number of polymers at low 
concentrations‘, as is reasonable in that the random 
coil molecule in translation approximates well to an 
impermeable sphere’, due to the large amount of 
solvent it entrains within it. 


4 having somewhat 


has been from 


these 


These specimens 


= concentration) should be indepen- 


So 
1+Anv 
number of molecules per unit volume, and writing 
Ne 


4 


Taking s , where A is a constant*, 2 is the 


for n, where N is Avogadro’s number, we have 





l l ANcv 1(1/: ANv ‘ 
- = | <~,80 that * (l/s) ” Remembering 
8 8o 8,l de Sol 
Mil — d a. ; 
that s, sack tes ”9) and v = Soa? ‘where a is the 
N67 9a ¢ : 


effective radius of the molecule and the other symbols 
have their usual significance, woe may write the 
differontial ® AN tis. 4 For a homologous polymer 
series in the same solvent, M is proportional to the 
square of any linear dimension of the molecule’. 





a‘. : a 
- is constant in these conditions. 


Honce 


: " d(1/s) .. : ; 
The values of s29.) and ) given in Tablo | 
de 
wero obtained by 


extrapolation of the graph of 


against c to c 0. A linear extrapolation was 


made although in the case of the first and third speci- 
mens quoted linearity is not good. The values of 
le 
wt given in Table | are thus averages between 
ac 
c Qand c 1 per cent; furthermore, different 
degrees of polydispersity in the samples will cause 
some variation in the slopes observed, so that there 
is reasonable agreement with theory. Linearity 
between s, and 1/M is good. The conclusion that 
these mucoids are of the random-coil form may be 
drawn with some confidence. 
It is interesting to note that the physical properties 
of mucin may be reasonably interpreted on the basis 


Table 1. SEDIMENTATION COEFFICIENTS AND MOLECULAR WEIGHTS 


OF MUCOIDS 


“° ta | d(1/s) 
Sie M VM | aa teal 
| | | 
8-9 | 2-6 x 10° 509-9 0-72 
9-1 2-7 x 10° 519-6 0-75 | 
10-0 | 3-2 x 10° 5656 | 0-91 
12-3 1-6 x 10° 678-2 | 0-80 
25-0 | 1-8 = 10° | 1341-6 0-95 
' | 


* cin gm./100 ml. 
Data from Kekwick (ref. 2) and Caspery (ref. 2). 
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of what is already known of the properties of random 
coil molecules. Epithelial mucin frequently gives 
rise to two phases in water, a rather dilute swollen 
gel phase and an aqueous phase which is almost pure 
water. The gel phase displays visco-elastic or plasto- 
clastic rheological properties and may also show the 
Weissenberg effect. These properties are entirely 
consistent with those of a random coil polymer below 
ts 8-point. The gel phase may be dispersed to give 
a viscous solution by raising the pH, or the tempera- 
ture, or by adding to the solvent a third component 
(for example, urea, calcium ions). Again, this 
behaviour is to be expected of a random-coil polymer 
if it contains potentially negatively charged groups, 
and if the solute-solvent interaction parameter® is 
increased by the addition of the third component. 
Che physical properties of solutions of random-coil 
polymers have been extensively studied, and a good 
deal of the theoretical thermodynamic background is 
a\iilable ; a full exposition is given by Flory’. A 
consideration of this work may be of some value in 
the interpretation of the biochemistry and biophysics 
of mucous secretions, and attention is invited to three 
(1) The molecular weights of mucoids may 
he determined from sedimentation coofficients and 
intrinsic viscosities, the latter being a more readily 


points : 
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and more precisely determinable parameter than the 
more usual diffusion constant. Moreover, axial ratio 
as usually evaluated from the frictional ratio is not 
meaningful with respect to this type of molecule. 
(2) Where mucoids are modified by chemical treat- 
ment or by enzymes and a fall in viscosity is observed, 
this has usually been interpreted as a depolymeriza- 
tion. Some caution is required here, since the change 
in viscosity may be largely due to chemical changes 
which alter the thermodynamic interaction para- 
meter, or the related molecular expansion factor, and 
not necessarily to depolymerization. (3) The degree 
to which the molecule is coiled up (that is, the mole- 
cular expansion factor) may effect the availability 
of antigenic sites on a mucoid molecule to antibody, 
and may be a factor concerned in its immunological 
reactivity. 

This work is part of a programme supported by 
the Population Council, Inc., Rockefeller Institute, 
New York. 

Gibbons, R. A., Biochem. J. (in the press). 
* Kekwick, R. A., Biochem. J., 46, 438 (1950); .50, 471 (1952); 

52, 259 (1952). Caspery, E. A., tbid., 57, 295 (1954). 
> Kuhn, H., and Kuhn, W., J. Polymer Sci., 5, 519 (1950). 

* Wales, M., and Van Holde, K. E., J. Polymer Sci., 14, 81 (1954). 


®*Flory, P. J., “Principles of Polymer Chemistry” (Cornell University 
Press, 1953). : 


AN ASSOCIATION BETWEEN ABO BLOOD GROUPS AND FERTILITY 
IN A NORMAL AMERICAN POPULATION 


By Dr. T. EDWARD REED 


Department of Human Genetics, University of Michigan 


AND ; 


Dr. J. H. AHRONHE'M 
W. A. Foote Memorial Hospital, Jackson, Michigan 


PEXHE possibility of fertility differences associated 
| with ABO blood group phenotype has been 
investigated in married couples in two populations!?, 
using couples unselected with respect to their fertility. 
In 161 white American couples who had completed 
their families, fertility differences associated with 
blood groups could not be demonstrated'. Such 
differences were found, however, in 1,429 Japanese 
couples of varying ages®. A study of the fertility of 
1.290 married English men and 1,319 married 
Inglish women, age fifty years or more, failed to 
demonstrate an association between individual 
fertility and ABO blood group*. We wish to record 
here observations on 558 white American couples 
in which fertility differences associated with blood 
oups do appear to be present. 

The present data were obtained from an investiga- 
tion carried out for other purposes. In the winter of 
1950-51 @ mass blood grouping (ABO and Rh) pro- 
vramme was carried out in Jackson County, Michigan, 
on 48,652 individuals by the Michigan Civil Defense‘. 
7? per cent of the inhabitants of the city of Jackson 
(pop. 51,088 in 1950) were included in this programme. 
Blood from venepuncture was used and the ABO 
phenotypes were determined both by cell typing and 
bick-typing of isoagglutinins. In addition to ABO 
aid Rh status, the name, address and religion were 
recorded for each individual. For 64 per cent of the 
individuals, the date of birth was also noted ; about 
40 per cent of these persons were less than 15 years 


of age. Family relationship was not recorded. 
Afterwards, for the present analysis, the information 
on each individual was transferred to an I.B.M. 
punch card and these cards were sorted by exact 
street address. Whenever two or more 
having the same surname, street numbor, and street 
name in the city of Jackson were found, the city 
directory was consulted to determine if two of the 
persons were husband and wife. If this was the case 
and there were other individuals of the same surname 
at this address, age relationships were examined to 
see whether these individuals could reasonably be 
children of the husband and wife. Unless there was 
some dofinite indication, such as appropriate dates 
of birth, that this was so, the individual was not 
counted as a child of the couple. Three thousand 
six hundred and twenty-oight ‘families’ were found. 
Home interviews of 90 randomly chosen couples 
were made in the spring of 1958 to test whether these 
‘families’ had been ‘constructed’ successfully. The 
true number of children born by the time of the blood 
grouping to 53 couples in which the wife was born in 
1910 or later was 79; the number in our ‘families’ 
was 66, of whom 62 were correctly assigned, 1 was 
adopted, and 3 (all in one Negro family) were born 
out of wedlock but probably were the biological 
children of the couple. For couples whose wives are 


pers¢ ns 


in this age-range it is therefore probable that about 
80 per cent of the actual children are correctly 
recorded. 
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Table 1. DISTRIBUTION OF 558 MaTINGs BY ABO BLOOD GROUP* AND NUMBER OF CHILDREN—WHITE PROTESTANT COUPLES IN WHICH THE 
WIFE IS 30-39 YEARS OF AGE 
a ; , a To 
__ Mating | Mating Number of children (= 2) Total Total Mean S. E. of 
Compatibility (g x ¥) number of number of number of mean 
0 1 2 3 4 5 6 7 8 couples children children 
Oo Oo 21 40 31 17 7 — —: --- 7 119 196 1-647 -O-114 
oO A } 19 21 38 22 3 5 ~- -- _ 108 200 1-852 0-122 
. OxB | 6 6 6 1 — — -- -- -- 19 21 a | 0-215 
Compatible O x AB — 3 — 2 — ee — 5 9 1: | 0-490 
A. x S |} 18 28 22 14 4 2 -— — — 88 140 i | 0-132 
A x AB | 1 1 3 1 —_ 1 - -—- — 7 15 2-14 | 0°595 
Bx B }—- — 2 2 —- —- —- — = 4 10 2-500 0-289 
Total 65 99 102 59 14 #11 Se ewe” ~Eon 350 591 1-689 0-066 
Ax0O 17 2 4 18 #7 2 83 «21 «21 “116 237 2-043 0-140 
AxB 3 5 8 4 2 1 _ — = 23 46 2-000 | 0-274 
S00 |) Rw eS Ss Se 21 44 2-095 0-194 
Incompatible BxaA | 7 5 5 ~ 1 1 1 — - 20 30 1-500 | 0-387 
AB x O 1 3 4 2 — _ -— — oo 10 17 1-700 | 0-300 
AB xA 2 3 6 4 oo — — ~— 15 27 1-800 0-262 
AB x B a eee Ges es Be 3 6 2-000 — 
Total 31 42 79 «=—-336— «10 4 4 1 1 208 407 0-097 
All matings 96 141 181 95 24 15 4 1 1 558 - 998 0-055 
* Matings 3 B ¢ AB and ¢ AB x 2? AB did not occur. 
This communication reports on 558 couples which geneous. Since all possible matings involving AB 


are Protestant, non-Slavic in surname, non-residents 
of the well-defined Negro district, and in which the 
wife is in the 30-39 year age group. The first three 
restrictions reduce racial heterogeneity and ensure 
that, in the absence of natural selection, the prob- 
ability that a given child was included in this study 
should be practically independent of the blood groups 
of his parents. Various sources of error should also 
be independent of parental blood group (blood groups 
were not used in matching children and parents). 
The number of children recorded should therefore 
be proportional to the true number and valid com- 
parisons of relative fertility can be made. Women 
of completed fertility would ordinarily be preferable, 
but in these observations, they appear to be less 
fertile because their children often no longer reside 
in the parental home and so are missed. 

The distribution of couples by blood group and 
number of recorded children is given in Table 1. 
Analysis of variance of number of children, after 
suitable transformation of variable to correct for the 
non-normal distribution, can be used to test whether 
blood groups are related to fertility’. This analysis 
is presented in Table 2. The transformation used, 
Y= Va 1, where x is the number of children, 
gives a distribution which does not differ significantly 
from the normal. Bartlett’s test indicates that 
the variances of y in the various matings are homo- 
Table 2. ANALYSIS OF VARIANCE OF y* Vz +1, WHERE zx JS 

NUMBER OF CHILDREN 
Matings including AB individuals are omitted 





Degrees 
Item of Sums of Mean F ratio P 
freedom | squares | squares 
Males 2 0-1410 0-910 > 0°25 
Females 2 0°1531 0-988 > 0-25 
Interaction 4 2 -2658T 0 -5665 3-657 < 0-01 
Between | 
matings 8 2-8538 0-3567 2-303 < 0-025 
Within } | | 
matings 509 78 8653 0-1549 — _ 
Total 517 81-7191 0-1581 | — —_— 


* Analysis of variance of zx is similar, giving an interaction F of 
3-242, P < 0-025. 

+ Obtained by subtraction. The value obtained by fitting con- 
stants is 2-2908, giving an interaction F of 3-697. 





individuals are not 
variance was made on the 518 matings distributed 
among the 9 mating types involving A, B and O 
individuals. 

It is seen that the two main effects, males and 
females, are not significant, but that interaction 
(between males and females) is significant at the 
1 per cent level. This suggests that the significant 
difference between mating types in fertility is a 
property of the serological mating type and is not 
due to blood group differences among males or among 
females. The biological interpretation of this result 
is not obvious, however, since (Table 1) the serologic- 
ally incompatible matings (those in which the husband 
has an agglutinogen lacking in the wife) are signific- 
antly more fertile than the compatible matings 
(P < 0-025, 2 tail test). In the Japanese study? the 
reverse was true, suggesting that ABO incompati- 
bility is important in Japan, but in the previous 
American study!, although significant differences 
were not found, the incompatible matings were more 
fertile. It is not clear why this apparent difference 
between Japanese and American populations should 
exist. The facts that (a) ABO incompatibility is 
known to be a protection against Rh hemolytic 
disease of the newborn’ and (b) 15 per cent of the 
American couples of the present study were of the 
incompatible mating type g(Rh +) 9(Rh —), while 
almost all the Japanese couples were g(Rh +) 
9(Rh +), do not explain this difference. This is shown 
by the fertilities of the following two types of couples 
in the present study: Rh compatible and ABO 
compatible, 1-711 + 0-072; Rh compatible and 
ABO incompatible, 2-047 + 0-109. These means 
differ significantly at the 0-01 level. 

These results will be presented in more detail 
elsewhere. We wish to thank the authorities of the 
Michigan Civil Defense for permission to analyse 
these results. This study was supported by grant 
AT (11-1)-405 from the United States Atomic 
Energy Commission. 

1 Reed, T. E., and Kelly, E. L., Ann. Hum. Genet., 22, 165 (1958). 
2 Matsunaga, E., and Itoh, S., Ann. Hum. Genet., 22, 111 (1958). 
3 Bennett, J. H., and Walker, C. B. V., Ann. Hum. Genet., 20, 299 

(1956). 

* Ahronheim, J. H., J. Amer. Med. Assoc., 147, 1034 (1951); Amer. 

J. Clin, Path., 21, 387 (1951). 

5 Levine, P , Hum. Biol., 30, 14 (1958). 
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TABULAR COMPARATIVE DATA FOR THE LOW- AND HIGH- 
TEMPERATURE STRAINS OF CHLORELLA 


By Dr. CONSTANTINE SOROKIN 


Department of Botany, University of Maryland, College Park, Maryland 


rE HE isolation of unicellular high-temperature 

| algae began in Texas in 19511. Some characteristics 
of the high-temperature strains are scattered in several 
publications!-§. To give a unified picture they are 
presented in Table 1 together with the unpublished 
results. It cannot be too strongly emphasized that, 
for a particular strain, cell characteristics are strongly 
influenced by external conditions both prior to 
(preconditioning) and during actual measurements. 
With many factors affecting cellular characteristics, 
only an attempt can be made to present results 
obtained under specified conditions for two strains 
each representative of a distinct biological group of 


algae: Emerson strain, representing the group of 


low-temperature algae, and Chlorella 7-11-05, repre- 
senting the group of high-temperature algae. 

A detailed description of the technique of studying 
characteristics depicted in Table 1 has been given in 
previous publications*.*.*, Only a few remarks are 
in place. Results of respiration and photosynthesis 
were obtained in manometric experiments of short 
duration with cells from liquid stock cultures grown 
under constant apparently optimal growth conditions 
for each strain. After a 20-min. temperature adjust- 
ment period, readings were taken for 30 min. and 
calculated as the rates of the process per 1 hr. Growth 
results were obtained in experiments of long duration. 
Inocula from the same stock cultures as used for 
manometric experiments were transferred into test- 
tubes and subjected to conditions specified in Table 1. 
An extended time and several transfers were often 
required to allow cells to pass the adjustment period. 
The actual measurements in individual experiments 


continued for a time sufficient for optical density of 


the algal suspension to rise from about 0-07 to 0-7. 
Incandescent bulbs were used as a source of light 
in growth and photosynthesis measurements. For 
both strains the illuminance in growth studies, as 
measured at the level of growth vessels, was 1,600 
ft.-candles and in photosynthesis studies was about 
2.000 ft.-candles. 

Temperature optima for growth, indicated in Table 
|, were obtained for both strains at illuminance above 
the light-saturating point. It should be emphas- 
ized that at lower light intensities the optimum 
for growth moves to lower temperatures and the 
upper limit extends to higher temperatures. Tempera- 
ture optima and upper temperature limits for respira- 
tion and photosynthesis are higher in short-time 
manometric experiments than those for growth. 
However, it could be demonstrated that the depen- 
dence of metabolic characteristics on temperature 
is a time phenomenon. With the progress in mano- 
metric experiments the optima and maxima usually 
move to lower temperatures. 

For endogeno: 3 respiration the importance of the 
time factor is augmented by the dependence of the 
rate of the process on the amount of respirable 


material left in algal cells. Even under optimal con- 
ditions the time course of endogenous respiration, as 
observed in manometric experiments, is described by 
falling rates. Our attempt to obtain values for 
endogenous respiration of cells, as they intensively 
grow under optimal conditions, produced much higher 
values—close to those of glucose respiration. 

Values for the rates of glucose respiration, photo- 
synthesis and growth are much more stable if 


Table 1. TEMPERATURE CHARACTERISTICS OF TWO STRAINS OF 


Chlorella pyrenoidosa 


one Strain of Chlorella 
Unit of measurement | Emerson , 7-11-05 





Characteristic 


(1) (2) (3) (4) 
Temperature optimum 
or: 
growth deg. C, 25-26 38-39 
photosynthesis sf 32-35 40-42 
endogenous 
respiration 9 30 40-42 
glucose respiration ‘a 30 40-42 
Upper temperatitre 
limit for: 
growth deg. C. 29 42 
photosynthesis sig 39 45 


endogenous 
respiration 
glucose respiration 


above 45 | above 50 
above 45 | above 50 


Growth rate at light 


saturation : 
| at 25° C. number of doublings 3-1 3-0 
per day 
at 39° C. s a _— 9-2 


Growth rate at half 
saturating light in- 


tensity : 
at 25° C. number of doublin 2-4 2°3 
per day 
at 39° C. - e = 7:0 | 
Rate of apparent 
photosynthesis at 
light saturation : 
at 25° C. mim.’ O,/mm.? cells/hr. 43 7 
at 39° C. ah rapidly 170 


i declining 
Rate of apparent 

photosynthesis at 

half saturating light 

intensity : 





at 25° C. mm.* O,/mm.* cells/hr. 32 30 
at 39° C. bi sé z= 115 
| Rate of endogenous 
respiration : | 
at 25° C. mm.* O,/mm.,°’ cells/hr. 1:8 2:0 
at 39° C. ey 1-4 5-5 
Rate of glucose 
respiration : 
at 25°C, mm.* O,/mm.° cells/hr. 45 8 
at 39° C. ra . | 1-6 18 | 
Saturating light in- | 
tensity for growth : | 
at 25° C. ft.-candles | 500 500 
at 39° C. a { — 1,400 
Saturating light in- 
tensity for photo- | | 
is : ' | 
| at 25° C. ft.-candles 400 500 | 
at 39° C. ne _ 1,600 | 
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measured under optimal conditions for growth. This 
is true also for the high-temperature strain at 25° C. 
It is noticed that at 25° C. the rates of growth, respira- 
tion and photosynthesis are close or slightly higher 
for Chlorella 7-11-05 than for the Emerson strain. 
However, if compared at a temperature optimal for 
their growth, the Emerson strain has about 3 
doublings and Chlorella 7-11-05 more than 9 doublings 
of cell material per 24-hr. period. With further 
refining of the technique, 10 doublings per day are 
readily obtainable. This gives an 8-fold increase of 
cell material for a 24-hr. period for the Emerson 
strains and 1,000-fold increase for Chlorella 7-11-05. 
The rate of photosynthesis in the high-temperature 
algae is 4 times higher at light saturation than in 
low-temperature algae and 3-6 times higher at half- 
saturation. For growth the corresponding figures 
are 3 and 2-9. 

The greater productivity of higher-temperature 
algae in comparison with low-temperature strains is 
due to the ability of the high-temperature algae to 
use higher temperature and illuminance levels. This 
is indicated by much higher positions of light-saturat- 
ing points for growth and photosynthesis in the 
higher-temperature algae. The suggestion, that for 
the low-temperature strain the saturating light 
intensity for growth is slightly higher than that 
for photosynthesis and for the high-temperature 
strain the relationship is reverse, is probably of 
no significance since the determination of light- 
saturating intensity involves some degree of approx- 
imation. 


PHOTOCHEMICAL AND STEREOCHEMICAL PROPERTIES 
OF CAROTENOIDS AT LOW TEMPERATURES 


By STAFF OF THE BIOLOGICAL LABORATORIES OF 
HARVARD UNIVERSITY, CAMBRIDGE, MASS. 


N this series of articles we report the results of 

measurements carried Gn in this laboratory over 
the past six years. They involve the absorption 
spectra of carotenoids and haplo-carotenoids (vita- 
min A, retinene) at temperatures between 25° and 

196° C. The most important single result of these 
measurements is to demonstrate that cooling such 
molecules relieves certain instances of steric hindrance 
(‘intramolecular overcrowding’)', with large effects 
upon the absorption spectrum and other properties. 

The first communication records three observations 
which, though all made with retinene, have some 
general interest: (1) the abnormally large changes 
exhibited by the absorption spectrum of a sterically 
hindered cis carotenoid on cooling ; (2) the capacity 
of a carotenoid to undergo cis—trans isomerization at 
low temperatures in a rigid solvent ; and (3) a more 
specific observation, a new instance of reversible 
photobleaching. 

In the second communication we examine further 
the first of these phenomena, and show that the 
absorption spectra of all-trans and unhindered-cis 
configurations of retinene, vitamin A, vitamin Ag, 
lycopene and £-carotene exhibit parallel changes on 
cooling ; whereas those of sterically hindered con- 
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A most general characteristic of the high-tempera- 
ture algae is their higher responsiveness to the 
increase (within limits) in temperature and in incident 
light energy. In this respect they actually are higher- 
efficiency algae. The term ‘efficiency’ here is an 
expression of two processes—the absorption of the 
incident energy and conversion of the absorbed energy 
into the product which is used for measuring the rate 
of the process. Its pragmatic usefulness is based on 
the fact that it describes the performance of the 
organism at high levels of temperature and light 
energy. The highest levels of the incident energy 
are of utmost importance for the  organisin 
of high productivity capable of using temperatures 
and light intensities which are of no if not 
harmful for the low-efficiency (low-temperature) 
strains. 

The work has been supported by grants from the 
Office of Naval Research. 

Many helpful contributions by Drs. Jack Myers, 
Robert W. Krauss and Hugh G. Gauch during the 
course of investigations or in reviewing the manu- 
script are gratefully acknowledged. 

Contribution No. 2970, Maryland Agricultural 
Experiment Station, Scientific Article A 729. 
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1988). (National Academy of Sciences, National Research Council, 
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® Sorokin, C., Physiol. Plantarum, 11, 225 (1958). 

* Sorokin, C., and Krauss, R., Plant Physiol. , 38, 109 (1953). 
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figurations of these molecules display the abnormally 
large changes first observed with retinene alone. The 
third communication discusses the significance of 
these observations. 


(1) Photochemical Behaviour of Retinene 
By Dr. LAWRENCE JURKOWITZ 


In these experiments retinene (vitamin A aldehyde, 
C,,H.,CHO; Fig. 1) was dissolved in the mixtures 
of ether, isopentane or isohexane (3-methyl pentane) 
and alcohol (5:5: 2) called HPA and EHA?. Such 
solutions were brought to temperatures close to that 
of liquid nitrogen (— 196° C.), at which HPA and 
EHA become so highly viscous as to form what are 
essentially clear glasses. 

The measurements were made in a Dewar flask 
designed by Dr. R. C. C. St. George, mounted in a 
special housing which could be substituted for the 
standard cell compartment of a Beckman Dl’ 
spectrophotometer. The Dewar flask was silvered 
throughout except for a clear band at the level of 
the light path, serving as window. It was made of 














84 


pera- 

the 
ident 
rher- 
S an 
f the 
ergy 
rate 
d on 
| the 
light 
ergy 
nisin 
ures 
not 
ure) 


the 
ers, 
the 
inu- 
ural 


gical 
incil, 


lly 


he 





August 22, 1959 


No. 4686 
neo neo-c 
ons Cs | / gH 
roy os Va ek Sek), et retinene 
C4 6C . vs cs a 
Soe ee isO-a a ee a 
“C7 CHs 


Fig. 1. Structural formula of all-trans retinene. Above and below 
the formula are indicated the positions of the cis linkages in 
nown geometrical isomers. Unhindered isomers below: iso-a 
)-cis), neo-a (13-cis), and iso-b (9,13-dicis). Sterically hindered 
isomers above : neo-b (11-cis) and neo-e (11, 13-dicis) 


‘Pyrex’ glass, and had a high transmission only for 
wave-lengths longer than about 320 my. The Dewar 
was blown in the form of an H, with two vertical 
chambers connected by a horizontal section. One of 
the chambers held the absorption cell. Liquid nitro- 
ven could be added from time to time through the 
other chamber without disturbing the absorption 
vessel, and this also provided an additional store of 
the eoolant, which for this reason needed to be 
replenished less often. The absorption cell could be 
lowered and raised, into and out of the light path of 
thi spectrophotometer ; and all measurements were 
made with the cell alternately in these positions. 
That is, all absorptions were measured relative to 
the absorption of the Dewar flask without the 
absorption cell in position. The level of liquid nitro- 
gen was at all times below the absorption cell, and 
hence out of the path of light. A ‘blank’ correction 
was Obtained by measuring separately the absorption 
spectrum of the cell containing solvent alone under 
the same conditions. A further correction involves 
the contraction of the solvent at low temperatures. 
KPA and EHA were observed to contract fairly 
resularly on cooling. Their volume at — 190° is about 
77 of that at room temperature. The temperature 
of the solution in the absorption cell was followed 
continuously with an iron-constantan thermocouple 
inumnersed in it. 

\ll irradiations were performed with a 
pressure mercury are lamp (General Electric AH5, 
mounted so that its radiation, having 


high- 


250 watts) 


passed through a ‘Lucite’ cell containing a layer of 


water 2-5 in. thick, could be focused with a glass lens 
directly upon the solution in the absorption cell. 
The full radiation of the are was employed, but 
enough glass lay between the lamp and the absorp- 
tion eell to exclude wave-lengths shorter than about 
320 muy. 

(1) Relief of steric hindrance at low temperatures. 
Retinene owes its absorption spectrum to the pos- 
session. of five double bonds—four in the side-chain 
and one in the attached ring—all in some degree of 
conjugation with one another and with the terminal 
The molecule exists in a 


carbonyl group (Fig. 1). 
cis—trans isomers 


varioty of geometric configurations 
the most prevalent of which have been isolated, 
and their configurations established by synthesis?. 
These inelude the all-trans isomer, the relatively 
unhindered 9- and 13-monocis, and 9, 13-dicts isomers ; 
and the sterically hindered 11-cis, and 11, 13-diczs 
isomers (Fig. 1), The hindered 11-c¢s isomer (called 
also neo-b) has a special interest, since this con- 
fivuration of retinene and retinene, serves as the 
chromophore of all the known visual pigments’. 

The absorption spectrum of all-trans retinene at 
room temperature consists of a single broad band, 
inaximal in HPA at about 373 my. (Amax.),and witha 
inolar extinction coefficient, emax., of 47,600 (Fig. 2). 
Brought to about — 185°, the absorption spectrum 
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still displays no fine structure; but 2%max. moves 
about 14 my toward longer wave-lengths, and emax. 
rises about 10 per cent. Also the long wave-length 
toe or tail of the band is drawn in toward shorter 
wave-lengths. Such changes are characteristic of 
polyenes brought to low temperatures (cf. ref. 6; 
also following communication). 

The same experiment performed with the sterically 
hindered 11-cis isomer yields a very different result 
(Fig. 2, right). A primary consideration that governs 
the behaviour of such molecules is the degree to 
which they achieve coplanarity, that is, to which 
they succeed in lying flat. Only when coplanar can 
their systems of alternate single and double bonds 
come into full conjugation, the condition in which 
the absorption spectrum lies at longest wave-lengths, 
displays the most detailed fine structure, and has 
the largest maximal and integrated extinction. Any 
loss of coplanarity—any twisting of the system 
results in a loss of conjugation, with corresponding 
losses of extinction and fine structure, and usually 
also a shift of spectrum toward shorter wave- 
lengths. 

A cis linkage at position 11, since it brings into 
conflict the H atom on carbon 10 and the —CH, 
group on carbon 13, prevents coplanarity, causing a 
twist in the molecule at this level. The result (Fig. 2) 
is a considerable degradation of spectrum at room 
temperature, evident mainly in the depression of 
Emax. to 26,400—only 0-555 the emax, of the all-trans 
isomer. Amax, also lies at slightly shorter wave- 
lengths than in the all-trans isomer (at 369 my), a 
remarkably small change compared with other 
hindered cis polyenes’. 

On cooling:to temperatures near that of liquid 
nitrogen, both Amax. and emax, change so greatly as 
to approach the values observed in all-trans retinene 
at these temperatures : Amax. shifts to about 385 my, 
and emax. increases to about 43,000 (Fig. 2, right). 
That is, whereas cooling to 185° raises the emax. of 
all-trans retinene about 10 per cent, it raises that of 
ll-cis retinene 62 per cent. These changes are 
entirely reversed on warming. It should be noted 
that the temperature to which we have brought 
these solutions is arbitrary; further cooling pre- 
sumably would result in a further approximation of 
the 11l-cis to the all-trans spectrum. 

It is as though cooling to about 185° had 
largely relieved the steric hindrance associated with 
a cis linkage in position 11. This interpretation of 
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room temperature and at that of liquid nitrogen. 

the emax. of the all-trans isomer 9 per cent, and that, of the hin- 
dered 11-cis isomer 62 per cent 
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Fig. 3. Geometrical isomerization of retinene by light at a low 


temperature in a rigid solvent. (1) Absorption spectrum of 11-cix 
retinene in KHA at room temperature, (2) Same at the tempera- 
ture of liquid nitrogen; the solvent is vitrifled. (3) Irradiated 
1 min. in the cold. (4) Returned to room temperature, in the 
dark. The rise of emax. in the cold, accentuated in the warm, is 
assoclated with the isomerization of the hindered Ll-cis isomer to 
a steady state mixture of all possible isomers, primarily all-trans 


the observations is pursued further in’ the com- 
munication which follows. 

(2) Cis-trans isomerization, Retinene is isomerized 
by simple exposure to light. Beginning with any 
single geometric isomer, this process ends with the 
production of a steady-state mixture of all possible 
isomers, the proportions of which vary with solvent 
and other conditions, but the major component of 
which is usually all-trans*. 

It occurred to us to ask whether this process would 
be inhibited by low temperatures, perhaps because 
it includes a thermal component®; or by being 
earried out in a rigid solvent, which might restrict 
the necessary rotation about double bonds. It should 
be noted that geometric isomers of retinene in the 
crystalline state are not isomerized, oven by long 
exposure to bright sunlight. (It be conceded 
that our experiments to date leave it undecided 
whether this is owing to the crystalline state itself, 
or to failure of light to penetrate the crystal. The 
specific extinction of retinene is so high that at 
max, the intensity of light is cut to L per cent after 
penetrating only about 0-12 of the pure substance, 
so that the interior of even a small crystal might 
even a long and intense 


must 


scarcely be affected by 
irradiation.) 

In the present experiment we used I1-cis retinene, 
which, being a hindered isomer and relatively un- 
stable, isomerizes almost completely and with a 
particularly large change of extinetion®."°. A solution 
of ll-cis retinene in EHA was brought to about 

187°, and irradiated for L min. (Fig. 3). The 
extinction rose about 16 per cent, Xmax. remaining 
almost unchanged. On warming the product to 
room temperature, these changes were magnified : 
compared with the spectrum before irradiation, the 
extinction had risen 1-5 times, and Amax. had shifted 
about 5 my toward longer wave-lengths, arriving close 
to the Amax. of all-trans retinene. These are the 
changes that characteristically accompany the isomer- 
ization of neo-b retinene to the steady state mixture 
of isomers, primarily all-trans. 

All-trans retinene behaves very differently under 
these conditions. On irradiation in KHA for 1 min. 
at about 185°, the extinction of this isomer falls 
about 2 per cent ; and on re-warming to room tem- 
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perature, the spectrum compared with that before 
irradiation had fallen 1-3 per cent in extinction, with 
no appreciable change in Amax. Once again, this 
behaviour is characteristic of the isomerization of the 
all-trans isomer to a mixture containing small amounts 
of cis isomers, all lower in extinction. 

It may be concluded that neither the low tem- 
perature nor a rigid solvent inhibits the geometric 
isomerization of this molecule. The process appears 
to go about as well in these circumstances as at 
room temperature. Apparently the rigid solvent 
leaves the molecule sufficient ‘elbow room’ to allow 
froe play for the rotations involved in geometric 
isomerization. 

(3) Reversible photo-bleaching. In this experiment, 
all-trans retinene in HPA was brought to the tem- 
perature of liquid nitrogen, and exposed to the full 
radiation of the are. <As stated earlier, 
however, only wave-lengths longer than 3200 mu 
penetrated to the sample. It should be noted that no 
particular precautions were taken to exclude oxygen 
or water vapour. 

The effects of the irradiation are shown in Fig. 4. 
In 30 min. the maximum extinetion, at 387 my. had 
fallen to about 60 per cent, and in another 30 min. 
to about 20 per cent of its initial value. Small new 
maxima had appeared at about 350 and 412 mu. 

On re-warming this solution to room temperature, 
the absorption rose again, not indeed to its original 
height at room temperature, yet to 87 per cent of it ; 
and Amax, returned approximately to its original 
position. Some of the fall in final extinetion is 
caused by isomerization, owing to the irradiation, 
from the all-trans configuration to the steady state 
mixture of isomers already described ; the remainder 
probably involves some destruction of pigment. 

The major change in this experiment, however, 
was tho photo-bleaching at low temperature, reversed 
(except for the concomitant isomerization) on re- 
warming to room temperature. The same phenomenon 
has been observed also with all-trans retinene dis- 
solved in HH amine (ether, isohexane, triethylamine, 
S32 H2 2). On irradiation at about 187°, the 
extinction falls ; and a new maximum develops at 
about 350 my and a minimum at about 368 mu. 
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Again, on warming, these changes are largely 
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Fig. 4. Reversible photobleaching of retinene at low temperature 


in a rigid solvent. (1) All-trans retinene in EPA at room tem- 
perature. (2) Same brought to liquid nitrogen temperature. 
(3) Irradiated 30 min. in the cold 5 emax. falls 40 per cent. (4) Ir- 
radiated 30 min. longer; émax, has fallen 80 per cent. (5) Re- 
warmed to room temperature in the dark. Most of the original 
extinction is regained ; what has been lost is due mainly to the 
light having isomerized the all-trans retinene to a steady state 
mixture of cis and trans forms 
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reversed, the band at 350 my disappearing, end the 
retinene band rising to nearly its original height. On 
the other hand, similar experiments with retinene, 
dissolved in HPA and HH amine have not displayed 
photo-bleaching. 

This photo-bleaching of retinene resembles some- 
what, in the character of the spectral change, the 
production of a metastable (triplet %) state in chloro- 
phvll by exposure to a brief, very intense flash of 


light!'. The present product, however, appears to be 
too long-lived to represent a triplet state. Tt may 
correspond rather to the formation of a pair of free 


radicals or ions, trapped in the rigid solvent, but able 


to recombine on warming to reconstitute normal 


retinene. In this regard the reversible photo-bleaching 
of retinene may resemble another mole of photo- 
whing of chlorophyll, discovered some vears ago 


by Porret and Rabinowitch!?, yet which demanded a 


degree of exclusion of oxvgen probably not achieved 
in the present experiments. 


(2) Cis-trans lsomerism and Steric Hindrance 


By JOHN N. LOEB, PAUL K. BROWN 
and Pror. GEORGE WALD 


HAVING observed one instance in which cooling to 
the temperature of liquid nitrogen largely abolished 
with a 
learn 
how 


the degradation of spectrum associated 
linkage, we 


TTL AY 


hindered c/s 
this phenomenon 


sterically wished to 
general be, 
related to other aspects of molecular geometry. With 
this object in view, we have examined the spectra of 
retinene, vitamin A and A,, 
and at 
The procedures were as 


how and 


geometrical isomers of 
Iveopene and 8-earotene at room temperature 
that of liquid nitrogen. 
already deseribed, except that for the measurement 
of vitamin A we Dewar flask and 
quartz absorption cell in place of the ‘Pyrex’ vessels 


used a quartz 
uscd) otherwise. 

(1) Retsnene. The most extensive set of geometric 
known constitution available is 
offered by the stereoisomeric retinenes. We have 
already deseribed the changes of spectrum on cooling 
the all-trans and the hindered Il-c7s isomer. In the 
present experiments these measurements were ex- 


Isomers Of now 


tended, and similar measurements performed with 
the relatively unhindered 9-cis, 13-e/s and 9,13-diets 


Table 1. 


Room temperature 





Geometric isomer fmax Amax 
(« 1079) (my) 
Retinen 
All-trans* 17-6 
Y-cis 39-7 
13-cis 38-8 
9, 13-dicis 35-6 
(Retinene,, all-trans) w-0 
L1-cis (hindered)t 26-4 
B-Carotene 
All-trans! 137-58 $51 
15-monocis 98-3 147 
(Lycopene, all-trans) 186 472 
11, 11’-dieis 16-2 103 
Vitamin A 
All-trans 52-1 324 
(Vitamin A, acetate, all-trans) 39-5 349 
I1-eis 34°53 318 


* Averages from three sets of measurements. 
' Averages from four, 
Averages from two. 
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isomers (Fig. 1)8. These measurements are sum- 
marized in Table 1, and the changes of extinetion 


with temperature are shown in Fig. 5. 

As already noted, the all-trans isomer on cooling to 
about 185° ©. exhibits a displacement of Janax. of 
about 14 my toward longer wave-lengths, and a rise 
of emax, Of about 10 per cent. Very nearly the same 
changes are displayed by all the unhindered ¢/s 
that they, with the all-trans 
isomer, show on this degree of cooling an average 
displacement of Amay, Of 13 my, and an average rise 
This correspondence in 


wmomers >; So together 


of emax, of I] cent. 
behaviour is evident in Fig. 5 in the close parallelism 


with tem- 


per 
of the lines describing the change of emax 
perature for these isomers. 

The extraordinary behaviour of the Ll-e/s isomer 
is especially evident in this context. To examine 
this more closely we have measured the spectra of 
all-trans and Il-e7s retinene at intermediate tem- 
peratures between 25° and 185° C.; the variations 
of emax, Over this temperature range are included in 


iv. h. 


On cooling all-trans retinene, cmax, rises linearly 
over the entire range of temperatures. The I1-e/s 
isomer exhibits altogether different behaviour. Hav- 


ing begun at room temperature far below that of any 
of the other ¢e/s isomers, the emax, of Ll-cés retinene 
rises so rapidly on cooling that by the temperature of 
liquid nitrogen it has become higher than that of the 
unhindered 9,13-d/e7s isomer, and as high as those of 


the unhindered 9- and = 13-monocis isomers. One 
would expect that having achieved this position, 
Emax, should continue to rise at still lower tem- 


peratures in parallel with the rise of the unhindered 
cis isomers ; yot this would demand a considerable 
decrease in slope, of which there is no hint in the 
data of Fig. 5. Indeed, the rise of emax, in the I1-e/s 
isomer proceeds in two stages, each linear with tem- 
perature, a relatively slow change from room tem- 
perature to about 100°, and a considerably more 
rapid further change to about 85 The 
nificance of the break in the curve and change of 
but it the more 


sig- 


slope is not yet clear ; makes all 


problematical the course of this function at still 
colder temperatures, 

Incidentally, these measurements show that the 
effects of cooling are regular and continuous. They 


go primarily, therefore, with the change of tem- 


EFFECTS OF COOLING UPON CAROTENOLD SPECTRA 


185° to 195 
Ratio of éemax Shift of Amax 
fmax imax (cold/warm) (cold — warm) 
( 10°?) (mys) (my) 
51-7 87 1-09 14 
44-1 x79 esl 13 
43°05 tat) 1:12 14 
30-0 371 ee 11 
415°5 100 1-09 17 
8-0 S845 1°63 15-5 
Is4 10 1-34 17d 
140 165 1-42 Is 
272 $84 1:46 13 
134 152-5 2-90 10-5 
54-2 is) 1-04 9-5 
45-0 1-14 11 
18:7 5 1-42 14°5 





For carotene and lycopene, émax, and Amax, are of the ‘middle’ maximum, that of next-to-longest wave-length, 
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Retinene isomers 
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48 7 > 
44 
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5 9,13-dicis 
> 36 = 
aC 
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— —j 
24 4 ; = 
—200 —100 0 100 
Temperature (deg. C.) 
Fig. 5. Rise of maximum extinction (&max.) of geometric isomers 


of retinene on cooling to liquid nitrogen temperature. The all- 
trans and unhindered cis isomers exhibit parallel changes, €max. 
rising on the average 11 per cent. In the hindered 11-czs isomer, 
émax. rises in two linear stages, a total of 62 per cent. The sig- 
nificance of the break in the latter function is not known 


perature and not with vitrification of the solvent, 
which becomes apparent only at very low tem- 
peratures, below — 160°. 

It is a striking characteristic of the 11-cis isomer 
that though its sterically hindered configuration 
greatly depresses emax., it has little effect on Amax., 
which is displaced from the all-trans position no more 
than in other monocis configura- 
tions. By the same token, cooling 
has no greater effect on the Amax. of . 3 
the ll-cis isomer than on the 
others. Furthermore, 
of Amax. With temperature for this 
as for the other isomers 
and linear, with no evidence of 
such a break as appears in the 
function for emax.- 

(2) 8-Carotene. The spectrum of 
all-trans B-carotene (Cy oH;, ; Fig. 6) 
exhibits three absorption maxima 
in the visible region, 
one of which has the _ highest 
extinction (Fig. 7). These maxima 
constitute vibrational fine structure 
superimposed upon a broad absorp- 
tion band which represents a single 
electronic transition from the ground 
to the first electronically excited 
state. On cooling to the tempera- 
ture of liquid nitrogen, the spectrum 


Fig. 6. 
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Structures of all-trans f-carotene and lycopene. 
hydrocarbons differ mainly in that lycopene is straight-chain, whereas £-carotene possesses 
terminal f-ionone rings. 
owing to steric hindrance between the methyl groups at 1, 1’ and the H atoms at 8, 8’, 
so causing a large loss of conjugation of the ring double bonds with the straight-chain 
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as a whole is displaced toward longer wave-lengths, and 
the fine structure is greatly accentuated, five maxima 
now being distinguishable. Now also the absorption 
maximum of longest wave-length has the highest 
extinction. Ordinarily in carotenoid spectra the 
band of next-to-longest wave-length is highest; 
and this maximum also can most readily be compared 
with cases in which no vibrational fine structure 
appears, the entire absorption taking the form of a 
single, broad band. For these reasons our measure- 
ments are summarized in Table 1 and Fig. 8 in terms 
of the central maximum. A more significant index 
is the area under the entire absorption band. A 
comparison on this basis is shown in Table 2 (below). 

On cooling to about — 185°, the central maximum 
in all-trans $-carotene is displaced about 17 my 
toward longer wave-lengths, and rises 32 per cent in 
extinction. Similar measurements were made upon 
all-trans lycopene, C,,H;,, the straight-chain isomer 
of B-carotene (Fig. 6) with similar results (Table 1). 
On cooling, its central maximum was transposed 
about 12 my toward longer wave-lengths, and the 
extinction rose 46 per cent. 

As an example of an unhindered monocis 8-carotene, 
we have examined the 15,15’-monocis isomer (here- 
after called 15-cis), prepared synthetically’. Such a 
centrally placed cis-linkage causes a@ maximum 
bending of the molecule, and is associated with 
particularly tall ‘c¢s-peak’!4 in the near ultra-violet at 
about 340 my. The emax. of 15-cis 8-carotene is only 
71 per cent as high as that of the all-trans isomer ; 
but on cooling to about — 185°, this spectrum under- 
goes parallel changes (Fig. 8). Once again Amax. is 
displaced 16 my toward longer wave-lengths, and 
émax. rises 42 per cent. As in the retinenes, cooling 
has about the same effect on the unhindered cis 
isomer as on the all-trans configuration. 

15-monocis %-carotene offers a particularly good 
opportunity to examine the effects of cooling upon a 
cis-peak. At room temperature the cis-peak of this 
molecule consists of a single band, maximal at about 
335 my in HPA, and with emax. 58,500, almost 60 per 
cent as high as the main absorption band. On 
cooling to about — 185°, the maximum moves to 
about 349 myu—a shift of about 14 my, slightly less 
than in the main band—and emax. rises about 9 per 
cent—very much less than in the main band. This 
difference in the effect of cooling on emax. is probably 
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Fig. 7. Absorption spectra of all-trans and 11,11’-dicis B-carotene 
in EPA at room temperature and at that of liquid nitrogen. On 
cooling, the maximal extinction of the ‘middle’ band (that of 
next-to-longest wave-length) rises 31 per cent in the all-trans 
isomer, and 188 per cent in the hindered cis isomer. The spectra 
measured in the cold display five distinct maxima, representing 
transitions from the 0 vibrational level of the ground electronic 
state to five vibrational levels of the first electronically excited 
state 


400 


not very significant ; in both cases the area of the 
band remains practically unchanged (cf. Table 2). 
On the whole, it may be concluded that the effect 
of cooling is much the same on the cis-peak as on 
the long-wave-length absorption. 

\s in the retinenes, however, a hindered cis isomer 
behaves very differently. As example of such a form 
we have examined 11,11’-dicis 8-carotene, prepared 
synthetically?®. This molecule contains, symmetric- 


ally placed, two hindered cis linkages like that of 


ll-cis retinene. The absorption spectrum in the 
visible region is greatly degraded at room tem- 
perature, consisting of a single broad band displaying 
no fine structure, with emax, only 33-6 per cent 














as high as that of all-trans $-carotene, and Amax. 
2f | | | | | = 
t- +f 
oo = 
: all-trans 
12 — he — 
= 15-monocis 
ay & 4 
i ' 
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Fig. 8. Effect of cooling on the maximal extinction of geometric 

isomers of £-carotene. The emax. recorded is that of the ‘middle’ 

(next-to-longest wave-length) band. The changes in the all-trans 

and unhindered 15-cis isomers are nearly parallel. The hindered 
cis isomer exhibits a much larger change 
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displaced about 50 my toward shorter wave-lengths 
(Fig. 7). On cooling to about — 185°, this spectrum 
changes out of all proportion with the all-trans and 
15-cis isomers. emax, rises 2-90 times, approaching 
close to the emax, of 15-monocis carotene (Table 1, 
Fig. 8); and dmax. is displaced 49:5 my towards 
longer wave-lengths. In addition, the spectrum in 
the cold exhibits all the fine structure characteristic 
of unhindered isomers of $-carotene. As with 11-cis 
retinene, there is every appearance that cooling to 
this degree has almost wholly relieved the steric 
hindrance. 

(3) Vitamin A. The attempt to perform similar 
measurements with vitamin A (C,,H.,CH,OH) en- 
counters special difficulties. These measurements 
must extend further into the ultra-violet than with 
the other polyenes ; hence we transferred to a quartz 


Dewar flask and quartz absorption cell. Unfor- 
tunately also, a large solvent ‘blank’, and con- 


sequent impairment of the accuracy of measurement, 
develop below 330 mu. 

What is more troublesome is that vitamin A fluor- 
esces strongly at room temperature, and brilliantly at 
the temperature of liquid nitrogen. In the Beckman 
spectrophotometer as ordinarily employed, much of 
the fluoresced light is picked up by the photocell. 
and recorded as if it were a decrease of extinction. 
The error so introduced is negligible at room tem- 
perature, but considerable in the cold, both gbecause 
of the increased fluorescence, and because the need 
to open the slit of the spectrophotometer wédely at 
short wave-lengths greatly increases the rédiation 
incident on the solution. In our first measu€ments, 
having done nothing to temper this effect, ‘we were 
surprised to find that, unlike all the other golyenes 
measured, vitamin A appeared not to rise LF extinc- 
tion on cooling. In the later measurements to be 
described, we inserted a Jena UG-1 filter, which 
transmits light only between about 320 and 400 mu. 
between the Dewar flask containing the absorption 
cell and the photocell, so removing at least the visible 
fluorescence. This helped somewhat to bring the 
measurements on vitamin A into line with those on 
other polyenes, but was not wholly adequate, since 
fluorescence in the near ultra-violet still reached the 
photocell. 

The absorption spectra of all-trans and 11-cis 
vitamin A, measured in EPA at room temperature 
and in the cold, are shown in Fig. 9. The changes in 
Amax. and extinction which oceur on cooling are 
summarized in Table 1 and Fig. 10. 
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Fig. 9. Absorption spectra of all-trans and 11-cis vitamin A at 
room temperature and at that of liquid nitrogen. Cooling raises 
€max. Of the all-trans isomer 4 per cent, and that of the hindered 
cis isomer 42 per cent 
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Fig. 10. Effeets of cooling on ‘max, of all-trans and 11-¢e/s vitamin 


A and all-trans vitamin A,. Vitamin A, fluoresces so intensely in 

the cold that it appears to absorb less than is actually the case. 

The change ip emax. exhibited by vitamin A, is probably more 

nearly correct for both all-trans molecules. The hindered cis 

vitamin A, exhibits a much larger change, though here again the 

change is under-estimated because of strong fluorescence in the 
cold 


When the all-trans isomer is cooled, Amax. is dis- 
placed about 9-5 my. toward longer wave-lengths. 
The absorption band acquires also a degree of sym- 
metry that is lacking at room temperature, shoulders 
appearing on each side of the maximum, reminiscent 
of the three-banded structure of the polyene hydro- 
carbons. The extinction meanwhile rises only about 
4 per cent, perhaps owing to the under-correction for 
fluoresced light already noted. 
view some special interest is attached to the behaviour 
of all-trans vitamin A,, which does not fluoresce 
strongly ; on cooling, its extinction rises 14 per cent 
(Table 1, Fig. 10). 

As with the other polyenes examined, the hindered 
11-cis isomer of vitamin A exhibits special behaviour. 
Cooling this isomer shifts Amax, only slightly more 
than in all-trans vitamin A, or Az, as was the case 
with the retinene isomers; but emax. rises 42 per 
cent, and would probably have risen more if the 
fluorescence had been adequately controlled. Where- 
as the extinction of 1l-cis vitamin A is only 66 per 
cent of that of the all-trans isomer at room tem- 
perature, in the cold its extinction rises to 90 per 
cent of that of the all-trans isomer, with simultaneous 
development of comparable evidences of fine struc- 
ture, in the form of inflexions lying at both sides of 
the maximum. 

Conclusion. 
spectra of all-trans and cis 
S-carotene, lycopene and vitamins A and 


This examination of the absorption 
isomers of retinene, 
A, shows 


that whereas all-trans and unhindered c?s isomers 
exhibit parallel behaviour on cooling, sterically hin- 
dered cis isomers exhibit abnormally large changes 
of spectrum, including very large increases of extine- 
tion, as though cooling had largely or completely 
relieved the hindrance. 





From this point of 
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(3) Discussion 
By Prot. GEORGE WALD 


THE unique feature of the carotenoids is that they 
possess conjugated systems of alternate single and 
double bonds in linear array. This arrangement not 
only lends them colour—a property of all extensive 
conjugated systems—but also the capacity to undergo 
large changes in shape through cis—trans isomeriza- 
tion'*, In other types of pigment, natural and 
synthetic, the conjugated systems are mainly bound 
in rings, and hence held rigidly in position. Exposure 
to light is one of the most general means for causing 
cis-trans isomerization; and the relatively un- 
restricted capacity of carotenoids to change their 
shape in the light is probably the main reason for 
their special position in animal and plant photo- 
reception!®, 


The absorption of light goes with the possession of 


particularly mobile electrons, associated not with 
single atoms or bonds, but with the conjugated 
system as a whole!?. In valence bond theory this 
special electronic mobility is embodied in the concept 
of resonance or mesomerism: the molecule is 
regarded as a hybrid of all the possible electronic 
configurations that can be associated with a given 
constellation of atoms. In molecular orbital theory, 
the same effect is achieved with the concept of over- 
lapping z-orbitals, occupied by z-electrons which 
move more or less freely through the entire conjugated 
system. 

Resonance, or the presence of x-electrons (which- 
ever semantic one prefers), lowers the energy required 
to raise an electron from the ground state to the first 


excited state, hence poising the absorption at 
relatively long wave-lengths; and also greatly 


increases the probability of such transitions, with a 
consequent intensification of absorption. These are 
the properties that characterize a pigment. 

The spectra considered in the present experiments, 
except for a passing reference to the c/s-peak of 
6-carotene, represent such transitions from the 
ground to the first electronically excited state. Fine 
structure, when evident, is caused by superimposed 
changes of vibrational state (Fig. 12). 

The most significant aspects of these spectra are : 
(1) Their wave-length range, a measure of the energies 
involved in the electronic transition (Fig. 12), 
through the relation AE Nhy = Nhe/> 2-854 
107/2, in which AF, the energy of the transition, is 
expressed in gram calories per mole of quanta, and 7. 
inmy. (2) The width of spectrum and detail of fine 
structure. In general, a narrow spectrum and shar) 
fine structure are signs of the simplification of 
vibrational changes. Any increase in the variety of 
such changes, through the overlapping of bands, 
tends to broaden the spectrumnn and to wash out 
detail. (3) The area under the absorption band, when 
it is plotted on a frequency scale (feydv). This is a 
measure of the probability of the electronic transi- 
tion!8. Jf the absorption band is reasonably sym- 
metrical and lacks fine structure, the product of 
Emax. and the half-width of the band (emax.: Av; ») 
does nearly as well; but these conditions are not 
usually fulfilled by carotenoid spectra. emax. itself, 
though frequently involved in theoretical discussions, 
has little physical meaning, and offers only a rough 
hint of whether the band area has changed. 

For conjugation to be strong, the atoms which 
compose the conjugated system must lie approx- 
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It is only then that z-orbitals 
can overlap or resonance occur!®. Any departure 
from coplanarity—any twisting of the system— 
interferes with conjugation to a degree depending 
upon the angle of twist?®. The result is to depress 
the probability and usually to increase the energy 
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imately in a plane. 


of the lowest order of electronic transitions, so 
decreasing the area of the longest wave-length 


band, and usually shifting it toward shorter wave- 
leneths. 

Simple bending of the conjugated chain, even 
though in a plane, also affects the absorption spec- 
trun. Polyenes absorb most strongly when the 
electric vector of the light is parallel with the long 
axis of the conjugated chain. A polyene in the all- 
trans configuration is linear (except for the regular 
zigzagging between carbon atoms) and is at its 
longest extension (Fig. lla). In this state its absorp- 
tion is concentrated in a single electronic transition, 
and lies at relatively long wave-lengths. Any bending 
of this strueture, such as is caused by a cis linkage, 
shortens it, and at the same time opens a new axis 
of absorption at right angles to the main axis (Fig. 
11). The result is a decrease in the area, and usually 
the height, of the main absorption band; and the 
appearance of a new absorption band (the c/s-peak), 
associated with the new absorption vector, lying at 
shorter wave-lengths and polarized at right angles to 
the main band??. 

Mulliken!4.¢ has derived the approximate expression, 
emax, O 12, in which l is the length from tip to tip 
of the conjugated system. The greatest shortening is 
caused by a central cis linkage, which bends the whole 
system at an angle of about 120°, shortening it to 
about 87 per cent (that is, cos 30°) of its all-trans 
length (Fig. 11b).. By Mulliken’s formula this should 
diminish emax, to 75 per cent of the all-trans value. 
The available measurements tend to show somewhat 
larger decreases of emax. (compare all-trans and 15-cis 
3-carotene in Table 1). Furthermore, a cis linkage 
anywhere in the chain shifts Amax, 4-6 mu toward 
shorter wave-lengths!4, an effect that is not a neces- 
sary consequence of simple bending in a plane. 
’erhaps both departures from expectation are caused 
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. 11. Diagram to show the absorption vectors of such con- 
sated systems as are present in the carotenoids. The conjugated 
stem of an all-trans carotenoid is coplanar throughout and at 
longest extension. An unhindered cis linkage bends the mole- 
¢, shortening the fundamental vector, and opening a new 

rption vector polarized at right angles to this, responsible for 

cis-peak. A hindered cis linkage both bends and twists the 
lecule, resulting in absorptions corresponding not only to the 
in and eis-peak vectors, but to the ‘partial chromophores’ into 
ich the conjugated system is divided by the break in coplanarity 
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Fig. 12. Energy diagram of all-trans B-carotene, constructed 


from the data of Fig. 7 (left). These results are re-plotted on a 
frequency scale at the top of the present figure. The five maxima 
that appear in the cold represent transitions from the 0 vibrational 
level of the ground electronic state to five equally spaced vibra- 
tional levels (about 4 k.cal. apart) of the first electronically 
excited state. The energy of the 0-0 transition is 59-1 k.cal. per 
mole in the warm, and 56°5 k.cal. in the cold. In the warm a 
few transitions go from higher vibrational levels of the ground 
state; particularly short transitions of this type, shown here 
with broken lines, are responsible for a long-wave-length tail 
on the absorption band, which is lost in the cold. (This difference 
does not emerge in the present spectra, though apparent in general. ) 
The areas under the successive maxima are an index of the 
transition probabilities. In both warm and cold, the 0-1 transition 
is most probable. Similar energy diagrams, differing only in 
numerical detail, can be drawn for 15-cis and (cold) 11,11’-dicis 
6-carotene, and for lycopene 


by the small twisting that may also be associated 
with ‘unhindered’ cis linkages (see below). On the 
other hand, as already noted, such theoretical argu- 
ments are properly pursued on the basis, not of 
zmax,, but of the area of the absorption band. 

In a sterically hindered czs linkage, the overlap of 
projecting groups causes a large departure from 
coplanarity. At such a point, as already said, the 
conjugated system is both bent and twisted (Fig. IIc). 
The bend, as always, is associated with a decrease in 
the fundamental absorption, and the appearance of 
a cis-peak. In addition, the twist causes a partial 
break in conjugation, which to some degree divides 
the whole system into two_ shorter 
‘partial chromophores’. Associated with the latter 
are subsidiary bands, lying at shorter wave-lengths 
than the fundamental band, and overlapping with 
the cis-peak, the main band, or both, depending on 
the lengths of the segments. 

It can be concluded that the absorption spectrum 
offers a variety of indices of molecular structure : 
the linear co-ordinates of the conjugated system, its 
complexity of vibrational states, whether it lies bent 
or straight, whether twisted or in a plane. With 
these notes as background, we may discuss the effects 
of cooling on the absorption spectra. 

General effects of cooling. Cooling resulted in the 
same general pattern of changes in all our all-trans 
and unhindered cis carotenoids. Many of these 


segments— 














Table 2. EFFECTSJOF COOLING ON THE AREAS OF ABSORPTION BANDS 


Relative area 
——_—____-|-__—__—_—_-- - Ratio of areas 
Carotenoid Room 185° to (cold/warm) 
temperature — 195° 
Unhindered species | 
Retinene, all-trans 320 317 0-99 
9-cis 306 313 1-02 
B-Carotene, all-trans 695 654 0-94 
15-monocis 494 484 0-98 
cis-peak 286 274 0°96 
Lycopene, all-trans 835 834 1-00 
| Vitamin A, all-trans 293 310 1-06 
Vitamin Ag, all-trans | 324 315 0-97 | 
Hindered species | 
| Retinene, 11-cis 171 | 241 1-44 
Vitamin A, 11-cis 193 264 1°37 
B-Carotene, 11, 
11’-dicis 292 529 1-81 


Relative areas, in arbitrary units, of the fundamental absorption 
bands, plotted on a scale of molar extinction versus frequency ; that 
is,fe,dv. 


changes had been noved earlier in studies of diphenyl- 
They include: (1) displacement of the 
spectrum toward longer wave-lengths ;  {2) emax 
rises, and the absorption band narrows ; its area 
does not change (Table 2); (3) fine structure may 
appear, or be accentuated ; (4) the long-wave length 
tail of the absorption band is abbreviated, so that 
usually it cuts off at shorter wave-lengths than in 


polyenes®. 


the warm. 

These changes have a common basis, which can 
most readily bo understood with reference to such a 
typical example as all-trans (-carotene, the energy 
diagram of which is shown in Fig. 12. Above the 
energy diagram are the absorption spectra from 
was derived, the curves of Fig. 7 (left) re- 


which it 
drawn on a frequency scale. 

The fundamental absorption band of 6-carotene, 
as is apparent in the spectrum measured in the cold, 
possesses five maxima, representing transitions from 
the zero vibrational level of the ground electronic 
state to five vibrational levels of the first electronic- 
ally excited state. The five absorption maxima are 
equally spaced, 1,430 cm.-! apart, corresponding to 
differences in the vibrational energy levels averaging 
4-08 k.cal. per mole. The three peaks that appear 
in the warm clearly correspond to the first three 
cold spectrum, and have almost the 
same spacing. That is, in both cold and warm, the 
first five vibrational levels of the first excited state 
are equally spaced about 4 k.cal. apart. 

The absorption peak of lowest frequency measures 
the energy change corresponding to the 0-0 transi- 
tion. At room temperature this peak occurs at 
20,700 cm.-! (AE 59-1 k.cal.) ; in the cold it has 
shifted to 19,780 em.-! (AH 56-5 k.eal.). That is, 
cooling the molecule has lowered the energy of the 
first olectronic excitation by 2-6 k.cal., accounting for 
the displacement of the spectrum towards the red. 

Though in the cold the highest extinction appears 
in the first band (0-0 transition), if the areas under 
the vibration bands are measured, these are seen 
to be largest in both the cold and warm in the second 
(‘middle’) band (0-1 transition). Such areas are an 
index of the relative probabilities of the various 
transitions, indicated in Fig. 12 below the energy 
diagram. The 0-1 transition is most probable at all 
temperatures. 

All these features of the energy diagram, except 
for small numerical differences, are shared by 15-cis 
and 11,11’-dicis B-carotene (cold) and by lycopene. 

At room temperature a small fraction of molecules 
is at higher vibrational levels of the ground state, 


peaks in the 
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from which transitions to the upper state involve 
smaller increments of energy, and hence longer wave- 
lengths of absorption. A few such transitions are 
shown in Fig. 12 with broken lines. A scattering of 
particularly short transitions of this kind accounts 
for the long wave-length tail on the absorption band 
in the warm. In the cold, virtually all transitions go 
from the zero vibrational level of the ground state, 
and this tail is lost. (Our measurements on 8-carotene 
do not show this difference, though I think that more 
detailed measurements would have revealed it. It is 
apparent in many of our other spectra.) 

Why do all polyene spectra that have been exai- 
ined rise in extinction, that is, sharpen in structure, 
and shift toward the red on cooling? The shift 


towards the red, as just said, is an expression of the | 


lowering of the transition energy between the ground | 


and first excited state. It may be supposed that in 
the warm, molecular motions, in part the result of 
collisions, bend and twist the conjugated system from 
moment to moment so as to produce effects that. re- 
semble statistically those of c?s linkages, hindered and 
unhindered. In the cold and in a rigid solvent, the 
molecule is subjected to less deformation, and can 
maintain relatively undisturbed its most extended 
and planar conformation. Such a view raises 
serious energetic difficulties, for the mean thermal 
kinetic energy at room temperature is about 0-9 
k.cal. per mole (3/2 RZ’), which is of about the right 
magnitude to produce the minor bendings and inter- 
ruptions of conjugation that would account for the 
displacement of toward shorter wave- 
lengths and the fall of extinction and broadening 
that we observe in the warm. The effects of warming 
can mimic those of a cis linkage only qualitatively ; 
for an actual cis linkage is fixed in position in all 
molecules of one species, whereas warming causes 
transient and fluctuating effects, different in all 
members of the molecular population. 

It seems to mo that this hypothesis involves several 
theoretical consequences that should be mentioned, 
though they do not emerge in the present measure- 
ments. If it is true that the molecule achieves more 
perfect conjugation in the cold than in the warm, 
this should result in an increased resonance energy, 
and a consequent lowering of the ground state as 
well as the first excited state. Furthermore, one 
should expect the area of the absorption band to be 
larger in the cold than in the warm, just as it is 
larger in the all-trans than in cis configurations ; is 
Table 2 shows, within the accuracy of the present 
measurements, the areas are the same at room tem- 
perature and in the cold. Finally, I think one should 
expect to find higher absorption in the warm. in 
the ultra-violet, owing to contributions from new 
absorption vectors and partial chromophores. Perhaps 
more detailed. investigation will uncover all these 
effects. 

Cooling and steric hindrance. It was shown above 
that sterically hindered carotenoids exhibit 
abnormally large changes of spectrum on cooling, as 
though lowering the temperature had relieved the 
hindrance: emax. rises, and Amax. shifts toward the 
red, so as to approach the properties of an 
unhindered cis molecule. 

More significant than either of these effects is the 
behaviour of the area of the absorption band. As 
shown in Table 2, though the areas of the main 
absorption bands of all-trans and unhindered cis 
carotenoids are approximately the same in the warm 
and cold, those of 1l-cis retinene and vitamin A 
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hig. 138. Three sources of intramolecular steric hindrance en- 


countered in carotenoids: (a) Hindrance between methyl] groups 
on a B-ionone ring and a hydrogen atom on the side-chain. What 
is believed to be the prevalent s-trans orientation is shown here. 
(}) Hindrance between H atoms at an ‘unhindered’ cis linkage. 
t is only when H is given a van der Waals radius of 1-2 A. that 
the overlap shown here occurs. At a radius of 0-85 A. or less, 
there would be no hindrance. (e) Hindrance between a methyl 
group and H at a hindered cis linkage. Only this last type of 
hindrance appears to be appreciably relieved by cooling 


increase about 40 per cent, and that of 11,11’-diezs 
3-carotene increases just twice as much, about 80 per 
cent, on cooling to liquid-nitrogen temperature. 

Such molecules present three sources of steric 
hindranee (Fig. 13): (a) overlap between the methy] 
groups on C, of the ring and the H atom on C,, 
causing a twist between the ring and side-chain*? ; 
(b) overlap between H atoms at an ‘unhindered’ c7s 
linkage. This is small, if it exists at all, yet is some- 
tines held responsible for the small shifts of spectrum 
toward shorter wave-lengths and some of the decrease 
of extinetion that characterize such linkages" ; 
(c) overlap of an H atom with a methyl group at 
such linkages as 11-cis. 

Of these three types of hindranco, only one appears 
to be relieved by cooling : (a) Cooling does not change 
appreciably the hindrance between ring and_ side 
chain, as shown by the fact that it has parallel effects 
on %-carotene, which possesses two ionone rings, and 
lycopene, which has none (Tables 1 and 2). (b) Cooling 
does not relieve whatever overlap of H atoms may 
exist at ‘unhindered’ cis linkages, as shown by the 
fact that it has parallel effects on unhindered cs and 
all-trans carotenoids. (c) It can be concluded that 
cooling relieves specifically the steric hindrance at 
such linkages as 11-cis. 

What is the mechanism of this effect ? The geo- 
metry of molecules involves two kinds of dimension : 
the distances between bonded atoms, expressed in 
the bond radii, and the distances at which non- 
bonded atoms and groups begin to repel one anotheor, 
expressed in the van der Waals radii. 
intramolecular steric hindrance seem as though they 
should involve van der Waals radii. These are 
gencrally estimated to be about 0-8 A. larger than 
the bond radii#*. Yet estimates of intramolecular 
over-crowding made on this basis tend to predict 
larger effects than are observed ; and values smaller 
than the van der Waals radii, perhaps at times 
approaching the bond radii, may bo moro applicable 
(cf. ref. 24). 

| would suppose that the repulsion radius is made 
ip not only of the space occupied by atomic struc- 
tures, but ineludes also to a degree the space swept 
out by atoms and groups in their thermal stretching, 
bending and twisting motions. In this senso the close 
approach of such groups must give rise to a soft 
rather than a hard hindrance. It is equivalent, not 
to the contact between rigid surfaces, but rather to 
4 fluctuating interpenetration of ‘Lebensriiume’, that 
involves considerable ‘give’. 
| would suppose that lowering the temperature, 
by quieting down the thermal stretching, bending 
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and twisting motions of attached groups, effectively 
contracts their van der Waals radii. This is the same 
type of effect that we havo already invoked with 
regard to the conjugated chain. It is this effect that 
I think is primarily responsible for the relief of steric 
hindrance on cooling. 

Why are hindrances of types (a) and (0) in Fig. 13 
not relieved by cooling ? 

The hindrance between the ring and side-chain is 
probably considerably ‘harder’ than at an 11-cis 
linkage, because, in the s-trans configuration shown 
in Fig. 13, two methyl groups are in conflict with an 
H atom; and the ring holds these methyl groups 
more rigidly than would a straight chain*’. 

The assumed hindrance between H atoms at an 
‘unhindered’ cis linkage requires further considera- 
tion. Such hindrance exists if hydrogen is assigned 
the full van der Waals radius of 1-2 A.; but this 
value is probably too large to be applicable in the 
present instance. Braude has suggested that the 
onset of spectrally detectable effects owing to steric 
hindrance coincides better with a van der Waals 
radius of about 0-6 A. for hydrogen*‘; even if one 
expanded this to 0-8-0-9 A., no conflict would exist 
at an unhindered cis linkage, and the problem of 
relieving it by cold or otherwise would not arise. On 
the other hand, if this is a source of hindrance, one 
would not expect it to be relieved appreciably by 
cooling ; for the stretching and bending energies of 
bonded hydrogen atoms are so large as scarcely to 
be activated even at room temperature?®, 

For this reason also the relief of hindrance on, cool- 
ing at such a linkage as Il-cis cannot appreciably 
involve the H atom, and must bo ascribed almost 
entirely to the’ contraction of the effective van der 
Waals radius of the methyl group. 

Implications and consequences. ‘The assumption 
that the effective van der Waals radii contract con- 
siderably at low temperatures can be tested further, 
and made quantitative with the help of these and 
other kinds of measurement. In particular, X-ray 
crystallography at low temperatures should vield 
valuable information concerning the variation of van 
der, Waals radii with temperature, and whatever 
molecular distortions accompany such changes. (1 
understand that such measurements have been made 
by W. N. Lipscomb at Minnesota and by Fankuchen 
at Brooklyn Polytechnic Institute, both of whom 
inform me in personal communications that cooling 
seems to have only very small effects on bond radii, 
and should have its principal effects on the distances 
of intermolecular and intramolecwar contact.) 

One interesting result of our observations is that, 
in the two instances in which measurements were 
made at intermediate temperatures (Fig. 5), cmax. 
rose linearly as the temperature was lowered, though 
in the case of 1l-cis retinene an abrupt change in 
slope occurred at about — 100°, the reason for which 
is not known. The solvent is still highly fluid at this 
temperature, and continues so until below —150°. 

The temperature at which our measurements 
stopped was arbitrarily that of liquid nitrogen. At 
this temperature, as already noted, I1-c?’s retinene 
has achieved as high an emax. as an unhindered 
mono-cis isomer. That is, it behaves as though its 
steric hindrance were entirely relieved ; and judging 
from Figs. 8 and 10, this must be nearly the case 
also with 11,11’-dicis B-carotene and 11-cis vitamin 
A. Once the hindrance is gone, one should expect 
any further rise of emax. with lowering of the tem- 
perature to have the same slope in all these molecules. 
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The only data adequate to bear upon this point are 
those involving 1l-cis retinene in Fig. 5; and here 
there is no indication that this expectation will be 
realized. The slope of the function would have to 
break very sharply to a lower value at temperatures 
just below that of liquid nitrogen, for emax, of the 
hindered cis molecule not to rise rapidly above that 
of unhindered cis forms, a phenomenon we would be 
hard put to explain. 

From this point of view the band areas shown in 
Tablo 2 are more reassuring. At — 190°, 11-cts 
retinene has a band area still only 0-77 as great as 
that of 9-cts retinono. 11,11’-dicis B- sel has a 
band area higher than that of 15-monocis carotene, 
as it should ; since two cis linkages tend to com- 
pensate each other, bending the molecule less, and 
usually for this reason depressing the extinction less 
than one central cis linkage™. Perhaps, therefore, as 
in other aspects of this problem, the argument 
encounters difficulties in terms of emax. that are 
avoided when one considers instead the band area. 

Tho observation that steric hindrance is partly or 
wholly relieved at low temperatures has a curious 
The twisting of the molecule occasioned 
if sufficiently large, cause 
depending upon whether 
In all but highly 
such hindrances 


consequence, 
by steric hindrance may, 
observable optical activity, 
the twist is to the right or the left. 
hindered molecules, since, as noted, 
are ‘soft’, racomization occurs rapidly at room tem- 
and ordinarily the single optical isomers 

isolated. In several instances of large 
racematos have been resolved, 
7, Our 


perature, 
cannot be 
hindrance, however, 
and the enantiomorphs are relatively stable*® 
that cooling such ws single 
decreasing tho hindrance, might 
remove the barrier to racemization. We should then 
the phenomenon of a chemical 
a racemization, activated by lowering the 
This possibility should certainly be 





observations suggest 


optical isomer, by 
observe strange 
reaction, 
temperature, 
examined. 

Changes of absorption spectrum similar to those 
we have observed on cooling carotenoids in solution 
are observed in the warm when these and other 
pigments are embedded in solid or quasicrystalline 
So, for example, spectra of the visual 
pigments—-all of which are retinene-proteins—exhibit 
a displacoment of Amax, several mp toward the red, and 
rise of extinction, when measured in the retina or in 
suspensions of whole fragmented outer segments 
of rods**. The latter are quasi-crystalline structures, 
in the sense that many of their molecules, including 
the visual pigments themselves, are oriented relative 
to one another®’. The same relations involve the 
spectra of the chlorophylls, measured in cells or 
chloroplast suspensions, compared with their spectra 
in solution®®, In all these cases tho spectrum in cell 
particles appears to differ from that measured in 
solution in much the same way that spectra at low 
temperatures in rigid solvents differ from those at 
room temperature. Perhaps in solid structures, as in 
the cold, the quieting of thermal motions and relief 
from collision permit these pigments to maintain a 
less disturbed condition of linearity and coplanarity, 
with the consequent increase of target length and 
improvement of conjugation that yield the observed 
spectral changes. 

Theso investigations were supported in part by 
grants from the Rockefeller Foundation and the U.S. 
Office of Naval Research. We are indebted to Dr. 
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H. H. Inhoffen for a gift of 15,15’-cis B-carotene ; to 
Dr. O. Isler for gifts of 11,11’-dicis B-carotene and 
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vitamin A, acetate; to Prof. L. Zechmeister for 
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LETTERS TO THE EDITORS 


GEOPHYSICS 


Correlation between Earth-Current 
and Geomagnetic Disturbance 


Tue relation between earth-current and magnetic 
aetivity is generally known, but we have not noted any 
quantitative data in the form of correlation co- 
eflicrents. 


Wisc: 
activity, 


Rooney! presents curves of earth-current 
magnetic activity and sunspot numbers for 
the epoch 1910-1930, showing correlation 
between geoelectric and geomagnetic activity. He 
states that true earth-current disturbances (as opposed 
to interference phenomena) are always accompanied 
by magnetic disturbances. 
magnetic and earth-current records taken at College, 
Alaska, during the past several years substantiates 
tooney’s observation. To arrive at a quantitative 
measure of the relation, correlation coefficients were 
calculated for each of several months. The correlations 
were made between the equivalent daily amplitude, 
A,,. of the College magnetic activity and the mean 
daily earth-current activity. 

The College equivalent daily amplitude, A,,. in 
gamuas, is determined by converting the eight scaled 
K-indices to field intensity according to the following 
schedule, and taking the arithmetic mean®. 


close 


K | 2 3 ' 5 6 7 8 9 

0 380 TO 150) 270) 480) 800) 1400) 24000 4000 
The mean daily earth-current activity was determined 
by scaling the earth-current records for amplitude 
wtivity on the 3-hr. periods corresponding to the 
K scaling and taking the arithmetic mean of the 8 
values for the day. Only north-south records were 
scaled because of the generally undirectional flow of 
the carth-current disturbances at College. The values 
of the correlation coefficients for six randomly selected 
months are given in Table 1. 


Table 1 
September 1057 4. ‘i ; 0-946 
February 1958 : O94 
March 1958. 0-939 
April 1958 : O-975 
tember 1958. O-O48 
N mber 1958 0-939 


In conjunetion with the calculation of the correlation 
Coeficients, scatter diagrams were plotted and least 
squares regression lines calculated for each of the six 
months. There were no widely scattered points. Fig. 1 
8 the scatter diagram and regression line of earth- 
current activity on geomagnetic activity for April, 
1958 

To obtain an additional measure of the relation 
between these two phenomena the correlation co- 
eficient of earth-current activity in mV./km. versus 
magnetic aetivitv in gammas was calculated for the 
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Fig. 1. Seatter diagram and least-square regression line. Karth- 
current activity versus magnetic activity at Colles’, Alaska, 


April, 1958 


$-hr: periods of April, 1958. The correlation coefficient 
for this set of 240 values is 0°833. 

These very high correlation coefficients show that 
earth-currents may be used interchangeably with the 
magnetic disturbances as an indicator of ionospheric 
activity. In areas where d.c. interference such as street 
railway systems is not a problem an earth-current 
recording system can be set up much more readily than 
a comparable magnetic system. To indicate activity 
only one recorder and one pair of electrodes oriented 
in the preferred direction of the earth-current  dis- 
turbance is required. Furthermore, none of the equip- 
ment needs to be isolated from the usual laboratory 
activities which would interfere with the operation of a 
magnetometer. 

This work is supported by the Geophysics Research 
Directorate of the Air Foree Cambridge Research 
Center. The Magnetic A figures were furnished by the 
College Magnetic Observatory of the U.S. Coast and 
Geodetic Survey. 

V. P. HEssLER 
K. M. Wescorr 
Geophysical Institute, 
University of Alaska, 

College, Alaska. 

Fleming, “Terrestrial Magnetism and Electricity’, 291 (Dover Publica- 

tions, 1949) 

* Bartels, ‘Annals of the International Geophysical Year"’, 4, Part 4, 229. 
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Micropulsation Measurements in 
California and Alaska 

IN recent years there has been increased interest in 
micropulsations of the Earth’s magnetic field!-4. As a 
part of a study of the micropulsations with periods of 
10-30 sec., stations were established near Borrego, 
California (33° 21:5’ N., 116° 17’ W.), and near 
College, Alaska (64° 42’ N., 148° 29-5’ W.). Horizontal 
coil antennas of 2-m. diameter and 21,586 turns were 
used. The associated amplifiers had three db. band 
pass points at 0-04 and 0-4 cycles per second and a 
limiting senstivity of 0°02 +. 
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Average diurnal behaviour of micropulsations, California, 1958 


Fig. 1 illustrates the average diurnal behaviour for 
15-min. r.m.s. amplitudes measured from March until 


September, 1958, in California. Fig. 2 illustrates 


micropulsations in California and Alaska for com- 
parable times. There were twenty-three such coinci- 
dent active groups of micropulsations in six days’ 
Large 


operation (Table 1). night-time storms in 
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Table 1. COINCIDENCES OF GROUPS OF OSCILLATIONS IN ALASKA (Np 
CALIFORNIA, 150° W. MEAN TIME 
Month and Alaska Calif. Alaska Calif. 
Day Time Start Time Start Time Peak Time Peak 
August 23 1539? 1540 1539? 1542 
1605? 1602 1606? 1604 
1733? 1733 1733? . 1734 
1750? 1751 1750? 1751 
1806? 1807 1806? 1807 
August 24 0217? 0217 0220? 0218 
0554? 0553 0555? 0554 
0659? 0659 o701? 0701 
0750? 0751 O751? 0753 
1120? 1119 1121? 1120 
1125? 1125 1126? 1125 
August 25 0340 OB41 O341 O341 
2110 2ZilL 2111 2111 
2343? 2341 2344 2342 
August 26 0236 0236 0237 0236 
1852 1851 1857 1853 
1944 1944 1944-5 1944°5 
2024 2024 2024 2024 
2035 2035 2037 2035 
2318 2319 2320 2320 
August 27 0836 OR38 O838 O840 
O856 O857 OR57 58° 
August 28 1651? 1653 1652 1654? 


Alaska gave oscillations ten or fifteen times larger than 
California. Day-time activity amplitudes were similar 
at the two stations. 

In Alaska it was noted that times of great micro- 
pulsation activity were accompanied by short-wave 
Also during the dark hours, large micro- 
One 


blackouts. 
pulsations attended visible auroral displays. 
occasion of simultaneous oscillations of the 3814 A. 
auroral line and small micropulsations was observed. 
This work, originating at the Institute of Ceo. 
physics of the University of California, was sponsored 
by the Office of Naval Research contract Nonr 233 
(47), and carried out through the generous co-operation 
of the Geophysical Institute of the University of 
Alaska. 
W. H. CAMPBELL’ 
B. NEBEL 
Institute of Geophysics, 
University of California, 
Los Angeles. 


* Present address : Geophysical Institute, University of Alaska, College, 
Alaska. 
7 E. RK. R. Holmberg, Mon. Not. Roy. Astr. Soc., Geophys. Supp., 6, 467 
(1953). 
2G. Angenheister, Ger. Beitr. Z. Geophys., 64, LOS (1954) 
8 V.A. Troyickaya, Priroda, 5, 81 (1955) 
*Y. Kato and T. Watanabe, Sci. Rep. Tohoku Unir., ser. 5, Geopyhs.,8, 


157 (1957). 
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Simultaneous observation of micropulsations in California, and Alaska 
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Depth of Isostatic Compensation and 
Mohorovicic Discontinuity, etc. in 
Continental and Oceanic Areas 


n the basis of the probable average density of rock 
be ow the oceans and over land, up to 160 km. or so, 
esiimates of have been made of the depth of isostatic 
co npensation. The depth of the Mohorovicié dis- 
coitinuity is inferred from an analysis of refraction 


tyo travel-time curves, assuming the existence of 


lavcrs in which there is a uniform velocity and that 
there is a discontinuous increase in velocity on crossing 
the Mohoroviéié discontinuity between an upper 
‘granitie’ layer and a lower ‘basaltic’ layer. Due to 
this discontinuity critical reflexions occur, which 
ma\ explain arrivals of high intensity at certain 


distances. The layer of relatively low velocities 


above the discontinuity is thought to consist of 


sediments ; unconsolidated at the top and consolid- 
ate’ and or metamorphosed below. Usually the depth 
of the Mohorovitié discontinuity is calculated as 
15 40 km. beneath continents and 5-15 km. below 
the oceans. 

‘There are practical difficulties if all this is accepted. 
The depth of isostatic compensation remains highly 
hypothetical. The Mohoroviéié discontinuity, though 
regarded as a physical phenomena, does not manifest 
itself everywhere. In a number of cases the critical 
reflexions associated with it are not observed, though 
as «a zeroth-order approximation travel-time curves 
are still analysed on the layer hypothesis. The 
difference in thickness of sediments in oceanic and 
lanl areas cannot be explained by any plausible 
theory. 

The seismic data might therefore be analysed 
assuming that the computed thickness of sediments 
under the oceans is more or less correct but that the 
currently accepted values for land areas are much 
too high. This is compatible with the seismic data 
on the basis of a gradual increase of velocity with 
depth. In actual fact the velocity gradient will 
change with depth. Further, it is likely to be high 
in the upper layers and to decrease as one goes decper, 
getting very small once velocities of the order of 8-8 
km./see. or so are reached. This is somewhat unlike 
the current ideas of velocity variation with depth. 
The seismic data can be analysed to a first-order 
approximation on the basis of a uniform velocity 
gradient. Seismologists have preferred not to do so 
in crustal seismology, since the analysis is rather 
insensitive and an independent justification for going 
beyond the simpler zeroth-order approximation was 
lacking. An indepenent justification has now been 
provided by an analysis of reverberation data which 
carried out (being communicated to the 
Proceedings of the Royal Society). This necessitates 
a gradual inerease of velocity with depth and gives an 
accurate estimate of the average velocity gradient 
from the decay of reverberation observed close to a 
shot point. 

in the state of Virginia, in the United States, where 
Mohorovitié-type reflexions are quite prominent for 
shots at a distance of about 100 km., the average 
Velocity gradient is 0-075 km./see./km. and the 
penetration of rays responsible for the high-intensity 
arrivals is only 14 km. On the usual hypothesis 
of two layers, the depth of the discontinuity in this 
area is computed to be about 37 km. The average 
gradients in some other areas come out to be 0-04 
km. /see./km. in South Africa and 0-055 km./sec./km. 
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in Tennessee. These values are somewhat weighted in 
favour of deeper rock as they have been calculated 
from the tail ends of reverberation records or from 
more distant portions of travel-time curves. The value 
for ocean bottom in mid-Pacific is about 0-35 km./sec./ 
km. and there is an intermediate value of about 0-16 
for coastal areas like western California, decreasing 
to 0-09 in relatively deeper sediments. 

Values of the order of 8-8 km./sec. for the velocity 
of P-waves (the highest observed during the recent 
Downwind expedition in the mid-Pacific) are found 
in the oceanic records. One can reasonably assume 
this to be the velocity in the heavier rock into which 
the roots of continental blocks have to extend. 
Presumably the velocity gradient is very small once 
this velocity has been reached. Now assuming 0-04 
km./sec./km. to be the smallest average gradient 
observed, and 5-6 km./sec. to be the velocity in the 
top layers, the depth of isostatic compensation or the 
depth of deepest penetration of the roots of the land 
in question seems to be of the order of 80 km., since 
the velocity difference of 3-2 km./sec. will be made 
up in this depth. The recent work in the South 
American Andes requires deep roots, and perhaps the 
Himalayas require still deeper roots. From existing 
data one can see that the velocity of 8-8 km./sec. 
will be reached at the following depths : 


about 5 km. to more than 15 km. 
about 30 km. to more than 


Oceanic areas : 
Continental areas : 
80 km. 


The depths which give rise to Mohoroviéié-type 
effects over certain continental areas seem to vary 
from 10 to 20 km. Thus these depths and the depths 
under oceans where the velocity reaches 8-8 km./see. 
are of same order, and this perhaps corresponds to 
the thickness of the sediments. Over land, the rock 
between a depth of about 15 km., that of isostatic 
compensation, as envisaged above, consists of rock 
underneath and lighter rock, transformed from the 
deeper rock during continental formation, on top. 
Under the mountains with the deepest roots the 
lighter rock extends right down to the depth of 
compensation, but under the oceans it is missing. 

The patchy nature of Mohoroviéié phenomena can 
also be understood easily. In certain areas, the 
gradual increase of velocity with depth in sediments 
may lead to velocities greater than those in the 
topmost layers of the crustal rock in the areca. 
This might give rise to the so-called ‘low velocity 
layer’, as well as to focusing due to an increase of 
velocity after a sudden decrease. The thickness of 
the sediments over land would be likely to be approxi- 
mately that in oceanic geosynclines that exist now 
or which are reflected in oceanic rises, for example, 
the Easter Island The above considerations 
also help to resolve the paradox of almost equal 
heat flow from below in oceanic and continental areas. 

My thanks are due to Prof. R. W. Raitt of the 
Scripps Institution of Oceanography and to Dr. M. A. 
Tuve of the Carnegie Institution of Washington for 
making some of the data utilized here available to 
me. I am also grateful to Dv. D. N. Wadia for his 
encouragement. 


rise, 


J. N. NANDA 


Office of Scientific Research end Development, 
Naval Headquarters, 
New Delhi. 
April 22. 





62 NATURE 


PHYSICS 


a-Radioactivity of Cerium-142 


JOHNSON AND NIER! have measured the atomic 
masses of some of the rare-earth isotopes and have 
shown that the mass difference cerium-142—(barium- 
138 + helium-4) is equivalent to 1-68 0-10 MeV. 
Similar results for the naturally occurring samarium 
and neodymium isotopes show that the %-active 
isotope of each element is the one having the largest 
possible decay energy. Rasmussen and_ others? 
suggest that the two or three neutrons just beyond 
the closed shell of 82 neutrons have decreased binding 
energies and hence the x-energy has a maximum 
about 84 neutrons. Johnson and Nier suggest that 
the g-decay of cerium-142 may take place with 
energy to be experimentally observable. 
Porschen and Riezler’ examined a sample of un- 
enriched cerium ammonium citrate using nuclear 
track plates sensitive to g-particles. No g-activity 
was observed after a 30-day exposure of 1-2 mgm. 
of the cerium salt. In 1957 Riezler and Kauw4 
reported an alpha activity for an enriched sample of 
cerium-142. From their results they calculated a 
half-life of 5-1 » 10'* years with an uncertainty 
factor of 2. 

A sample of cerium oxide enriched in cerium-142 
was made available by the Oak Ridge National 
Laboratory to check the x-radioactivity by an emul- 
sion technique. Mass spectrographic and semi- 
quantitative spectrochemical analyses showed the 
heavy-element contaminant reported was neodymium 
< 0.3 per cent. This amount 
significantly affect the 


enougn 


whose abundance was 
of neodymium would not 
results. 

In this experiment we were primarily interested in 
showing that the g-activity, if detectable, could be 
ascribed directly to the cerium salt. To eliminate 
contamination in process chemicals, the oxide 
powder (300 ugm.) was loaded directly on a type 
C-2 Ilford nuclear track plate. The cerium oxide 
containing 90-2 per cent cerium-142 was exposed 
for 125 days. After a thorough examination of the 
nuclear plate at the end of the exposure period no 
alpha tracks were visible emanating from the particles 
of cerium oxide, contrary to the observation of 
Riezler and Kauw. 

A similar plate containing unenriched impure 
cerium oxide was also exposed for the same period 
as a control. Several tracks were found emanating 
from the surface of the particles. In each case the 
a-track was shorter than those we have observed for 
the thorium or uranium when _ radioactive 
mineral grains are embedded in an emulsion in a 
similar manner. The few short x-tracks observed 
on the control plate are believed to be from a samar- 
ium contaminant in the impure cerium oxide. 

Although this experiment is considered as only 
qualitative, it is of interest to make a rough estimate 
of the half-life. After considering self-absorption, 
non-uniform loading of the erystals and correcting 
for geometry we can assume that about ten per cent 
of the cerium salt is actually exposed to the emulsion. 
Although no activity was observed one should con- 
sider that statistically a count of 1 + 1 is possible 5. 
Thus, if a maximum of two alpha tracks were ob- 
served, this would correspond to a minimum half-life 
of about 10!'° years. This qualitative half-life, 
although based on negative results, agrees with 


series 


Riezler and Kauw within the uncertainty factor they 
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have quoted. For an x-decay energy of 1:68 Mey. 
one can calculate a half-life of 9x 10!8 years for 
cerium-142 assuming a one-body model as outlined 
by Biswas*. If the half-life is this long, one could 
just detect the activity with 10 mgm. of the enriched 
material and probably the order of several hundred 
milligrams would be required to make a: good half- 
life determination. 

This work is part of a programme being conducted 
by the U.S. Geological Survey on behalf of the 
Division of Research of the U.S. Atomie Energy 
Commission, and publication is authorized by the 
Director, U.S. Geological Survey. 

F. E. SENFTLE 
T. W. STERN 
V. P. ALEKNA 





U.S. Geological Survey, 
Washington, D.C. 
Aug. 11. 
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Colour Centres produced by Radiation in 
Silica Gel 


CoLorRATION of inorganic solids by ionizing radia- 
tions has been well known and studied for many years. 
The possibility that defects associated with such 
colour might bear a relation to the processes of adsorp- 
tion and catalysis has been suggested!, but never 
directly observed. We have recently observed that the 
procedure which produces radiation enhancement of 
‘atalytic activity in silicas?, that is, irradiating a gel 
degassed at 500°C. or above with comparatively 
small (~ 10!% eV./gm.) doses of cobalt-60 y-rays or 
50 keV. X-rays also produces a marked magenta 
coloration of the gel. The comparative rarity of such 
observations?4, and their possible connexion with the 
radiation enhancement of catalytic activity? have 
prompted this communication. 

The colour produced probably corresponds to the 
broad absorption band at 500-600 my observed in 
irradiated quartz and vitreous silica®, and is stable to 
light and to temperatures less than 250°. We now 
find that contact with excess hydrogen or ethylene at 
room temperature bleaches it instantaneously. The 
colour is less rapidly discharged by water vapour or 
ammonia; the action of mercury vapour is somewhat 
sluggish. Oxygen is without effect. Activation energy 
is required for the hydrogen bleaching, for the colour 
is not removed by contact with excess hydrogen at 
— 196° C. for l hr. At —78° C. the gel is decolorized 
in 15min. The action of water vapour proceeds by 
diffusion of the water into the solid, rather than by 
migration of electrons or holes, for if the coloured 
grains are exposed to moist air they bleach first around 
the edges, lastly in the centre. Reheating gradually 
to 300° C. after hydrogen bleaching does not regenerate 
the colour or desorb more than a few per cent of the 
adsorbed hydrogen. 

Adsorption of hydrogen at room temperature by 
freshly degassed silica gel is either extremely slow or 
vanishingly small; hence, by measuring the amount of 
hydrogen adsorbed after irradiation, one can deter- 
mine the number of colour centres. The simultaneous 
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cessation of hydrogen adsorption and disappearance of 
the last traces of colour corresponds to the end point 
of a titration. From the sample weight, dose and 
hydrogen adsorbed, one can follow the production of 
colour centres and calculate their yield. Such an 
ex)eriment has shown a yield on freshly degassed gels 
of i centre per 100 eV. absorbed, dropping gradually to 
a value of 0:1 centre per 100 eV. with further irradia- 
tion as more hydrogen is absorbed.’ At this point 
approximately 3 x 10!8 centres/gm. have been intro- 
duced into the catalyst. 

Qualitatively, both silica-alumina and alumina 
catulysts show the same phenomenon of coloration and 
decolorization with adsorption. Before irradiation, a 
degassed gamma alumina is fairly white and adsorbs 
no hydrogen. After irradiation it is faintly cream- 
coloured and slowly adsorbs hydrogen. The adsorption 
is too sluggish to follow conveniently but decoloriza- 
tion by exeess hydrogen is complete in 1 hr. The 
change in appearance compared with that of silica gel 
is very slight. ‘Houdry S 46’, a silica-alumina cracking 
catalyst (12$ per cent aluminium oxide) after de- 
gassing at 50°C. is off-white and adsorbs small 
(~ 0:03 micromole/gm.) amounts of hydrogen. After 
a long (5 102° eV./gm.) irradiation, the sample has 
a marked tawny appearance with magenta overtones, 
and adsorbs 1 micromole of hydrogen per gm., gradu- 
ally losing its colour as it does so. 

A plausible explanation of these phenomena is that 
the colour centres are positive holes associated with 
oxygen excess in the silica, and that these holes are 
neiitralized by interaction with electrons from the 
bleaching gas. However, the initial yield of adsorp- 
tion sites per unit dose obtained in this work is greater 
than that of catalytic exchange sites determined 
previously? by a factor of 108. Hence, even though 
the effect of irradiation on hydrogen adsorption is 
clearly demonstrated, the connexion between the 
coloration - bleaching phenomena and the irradiation 
enhancement of silica catalysts is not yet clear. 

This work was carried out at the Oak Ridge 
National Laboratory, operated by the Union Carbide 
Corporation for the U.S. Atomic Energy Commission. 


Harotp W. Koun 


Oak Ridge National Laboratory, 
PO. Box P, 
Oak Ridge, 
Tennessee. 
Aug. 24. 
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Ultrasonic Absorption in Acetic Acid at 
450 kce./s. by the Calorimetric Method 


CALORIMETRIC measurements based on thermo- 
nic principles have successfully been used!:? for the 
determination of ultrasonic absorption in liquids at 
frequencies of 5 Mce./s. and above. Recently it has 
been possible to extend this method to measurements 
in acetic acid at 450 ke./s. 

\t frequencies of this order, the divergence of the 
beam is pronounced, and when the cell is moved away 
from the course the whole of the sound beam does not 
enier the cell; further, for the complete absorption of 
the beam at these low frequencies a long column of 
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liquid is necessary, which increases the thermal 
sapacity of the system considerably and results in a 
comparatively smaller rise of temperature. 

These defects have been overcome by using a smaller 
area of sound emitter compared to the mouth of the 
absorbing cell; and by employing a spherical double- 
walled glass cell with a plane section for the entrance 
of the beam. The sound beam on entering the cell 
undergoes multiple reflexions at its inner surface until 
it is completely absorbed. 

The experiment was carried out on acetic acid. Ina 
typical set of observations a ris? in temperature of 
0°5° C. and 2:2° C. was observed in two positions of 
the crystal in 30 minutes. The separation between 
these positions was 3°5 cm. 

The value of ~/v? for acetic acid at 450 ke./s. and 
30° C. was found to be about 90,000 « 10-17 em.-} 
sec.” being an average of a large set of readings with a 
variation of +10 per cent. This agrees with the value 
of about 80,000 x 10-!7cm.-! sec.2 at 500 ke./s. 
obtained by Lamb and Pinkerton?. Lamb, Andreae, 
and Bird‘, however, reported a value of 175,000 em.-! 
sec.2 below 2 Mc./sec. at 17°5° C. 

An attempt was made to use? this method for 
measurements in benzene and carbon disulphide, but it 
was found that owing to the comparatively small 
absorption in these liquids the difference in the rise 
of temperature at the two positions of observation 
was either negligible or very small, and, in the latter 
case, comparable to the necessary corrections. In view 
of this limitation the method reported here is appli- 
cable only to liquids having an absorption coefficient 
not lower than 10,000 x 10-!” cm.-! see.? at these low 
frequencies. 

Further work on this problem is in progress. 


S. PARTHASARATHY 


V. N. BINDAL 


National Physical Laboratory, 
New Delhi 12. 
May 4. 
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Science, Warsaw (1956). 
8 Lamb, J.. and Pinkerton, J. M. M., Proc. Roy. Soc., A, 199, 114 (1949). 
4 Lamb, J., Andreae, J. H., and Bird, R., Nature, 162, 993 (1943). 


MINERALOGY 


Revised Equilibrium Diagram for the 
System Al,0;-SiO, 


THE most important system in present-day high- 
temperature technology is AlgO3-SiO2. The accepted 
equilibrium diagram for this system was determined in 
a classic investigation by Bowen and Greig!; but 
during the last few years several workers have 
questioned its correctness?-®. The data offered in 
criticism have not, however, been unequivocal them- 
selves. We summarize briefly here the data from some 
700 runs in a nearly two-year re-examination of the 
Al203-SiOe-H20 system by standard ‘quenching’ 
methods of studying silicate phase equilibria. 

The starting mixtures were made mainly from 
hydrated aluminium nitrate and silica sol of very high 
purity for hydrothermal runs, and from high purity 
silica glass and x-alumina for ‘dry’ runs. The mixtures 
were all run in hermetically sealed noble metal con- 
tainers of 80Pt-20Rh and 60Pt-40Rh in a gas- 
oxygen quenching furnace with zirconia refractories, 
capable of reaching 1900° C. Temperatures were read 
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Fig. 1. Revised equilibrium diagram for the system Al,O,-SiO, 

determined by quenching experiments in sealed noble metal containers, 

Circles shown represent liquidus) determinations from refractive 
indices of the glasses 


by a Leeds Northrup optical pyrometer frequently 
calibrated at the melting point of platinum, 1769° C, 
(Intnl., 1948). The samples, quenched in mercury, 
were examined petrographically and by X-ray 
diffraction. 

The data from 190 runs above the solidus show that 
no corundum is formed (indeed the starting-material 
corundum dissolves) in mixtures containing 50, 60 
and 66:7 mole per cent AlgO3, when these are held 
above the incongruent melting temperature of the 
Bowen and Greig diagram (1810°, G.L. scale). The 
phases present at various temperatures and at various 


compositions, combined into the phase diagram of 


Fig. 1, prove that the phase mullite melts congruently 
at 1850 + 15°C. (Intnl., 1948). The equilibrium 
extent of crystalline solubility appears to extend from 
60 to about 63 mole per cent of AleOs. However, it is 
relatively easy to crystallize liquids metastably to a 
66°7 mole per cent solid solution with the mullite 


structure. Precise lattice constants (1 part in 5000) 


have been measured on 21 samples of mullites of 


various composition crystallized at different tempera- 
tures from 800°C. to 1850° C. 
mullites can be changed by heat treatment and are not 
reliable indices of composition. True glasses have been 
prepared up to the 63 mole per cent mixture and their 


refractive indices determined (3:2 ratio glass has 
TNa 1°598); the glass composition as determined 


from its index of refraction has also been used to 
locate the liquidus line (see Fig. 1). The composition 
of the mullite-silica eutectic appears to be unchanged 
from that given by Bowen and Greig. No clear 
evidence for the theoretically expected stable two 
immiscible liquids region was found, although the 
tendency towards such unmixed structure is clearly 
seen in the extremely flat liquidus near the mullite 
composition. Excellent confirmation of the eutectic 
position between mullite and corundum has been 
obtained from data on the systems MgO-A1203-SiOe, 
and CaQ-AlsO3-SiOe. The phase boundary has 
been fixed between the corundum and mullite fields 
in these systems. It disagrees radically with that 
suggested by Toropov and Galakhov? and is not in- 
consistent with the actual results obtained by Bowen, 
Schairer, Rankin, Wright, Merwin and others at the 
Geophysical Laboratory, near the invariant point 
between mullite, corundum and either indialite 
(2MgO.2A1203.58iO2) or anorthite. 
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At lower temperatures at least two new anhydrous 


aluminosilicate phases have been recognized. One of 


them had previously been thought to be andalusite’: 
single-crystal X-ray work established a larger cell 
(orthorhombic, a = 7°55 A., b = 8:27 A, c = 5°66 A.) 
similar to but easily distinguished from andalusi‘e. 
The other is a high temperature (probably aluminiuin- 
silicon disordered) form of sillimanite which occurs in 
voleanic xenoliths. Details of this study are to appear 
in the Journal of the American Ceramic Society. 
This work was supported by the National Science 
Foundation (Grant G 4648). 
SHIGER ARAMAKI 
Rustum Roy 


Department of Geophysics and Geochemistry, 
College of Mineral Industries, 
Pennsylvania State University, 
July 20. 
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CHEMISTRY 


Liquid Crystal Systems from Fibrillar 
Polysaccharides 


THE preparation of a neutral aqueous suspension 
cellulose crystallites by hydrolysis in strong sul- 
phurie acid (952 gm./I.) at 30 or 40° C. for 24 hr. 
has been described'!. A similar suspension of crystal- 
lite particles of chitin was prepared by treating 20 gm. 
of purified chitin from crab shells for 1 hr. in 750 
ml. of 2-5 N hydrochloric acid under reflux. After- 
wards, the excess acid was decanted and distilled 
water was added. At this stage, the chitin hydro- 
lysate was still essentially a sediment and was we'll 
on the acid side when it was given three pass:s 
through a ‘Minisonie’ homogenizer (Sonic Eng. 
Corp., Stamford, Conn.). From this treatment, a 
stable isotropic suspension was obtained and _ thie 
pH had risen to 3-5. The rise in pH is probably due 
to release, from within the crystallites, of some un- 
acetylated amino-groups which complexed with a 
proton to give NH,* at the crystallite surfaces. 
The presence of free NH, groups in chitin, which is 
supposed to be a polymer of N-acetyl-d-glucosamine 
is not unexpected since purification procedures 
involve alkaline conditions which can saponily 
acetyl groups. Electron micrographs of the stable 
suspension show the presence of rod-like particles of 
similar dimensions to the cellulose crystallites?. 

These two, stable, coiloidal dispersions of cellulose 
and chitin crystallites were the starting materials 
for the preparation of the liquid crystals as described 
below. The concentration of these colloidal sus- 
pension was always less than 1 per cent. 

The formation of a permantly birefringent gel wis 
first observed when a suspensions of cellulose cryst::!- 
lites was heated on a steam bath. A reddish brov.n 
gel, having the consistency of soft butter, formed on 
the surface of the heated suspension. In the poluar- 
izing microscope it was found to be birefringent but 
without extinction directions; that is, it behaved 
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birefringent gel between crossed polaroids (x750) 


it were a powder of a birefringent crystal. More 
ful observation showed that as evaporation 
rred slowly from the undisturbed surface of the 
nsion, islands of a thin amber film originating 
ie walls became visible on the surface. Sections 
he film could be lifted on to a microscope slide, 
they appeared to have a single though not well- 
ed extinction direction. The same gel could be 
ined by centrifuging the suspension at 20,000 g, 
this method is the one that was generally used 
wepare the material. The concentration of the 
lose in the gel under these conditions was about 


15 per cent by weight and in the presence of 


this value was still greater. 


‘ig. 2. Dried-down film of ‘salted out’ birefringent gel between 
crossed polaroids (x200) 


NATURE 


633 


Viewed between crossed Nicols the gel has the 
appearance shown in Fig. 1. where the streaked ap- 
pearance is due to orientation induced by pressing 
on the coverslip. The streaking is in the direction 
of the fibre axis. Fig. 2 is a view, between crossed 
Nicols, of a dried-down film of gel which was formed 
by slow coagulation of a suspension of crystallites 
in the presence of 0-01 M sodium chloride. The 
film was formed by filtering out the particle ag- 
gregates. Rather large birefringent areas are present 
in this film and the patchwork of light and dark 
regions is reminiscent of the spherulitic behaviour 
of high polymers. Fig. 3 is an electron-micrograph 
of crystallites from mercerized ramie which shows the 
parallel aggregation of the particles that occurs on 
drying down a dilute suspension. Clearly these 
areas are the cause of the birefringent regions which 
are visible in the dried-down films of crystallites. 





replica technique 


Fig. 3. Electron micrograph made by surface 
of crystallite film made by drying down dilute suspension on glass 
(X75,000) 


In the birefringent gel, low-angle X-ray measure- 
ments have that the interparticle distance 
varies as the square root of the concentration in 
e.c./gm. For a 15 per cent gel it is about 400 A. so 
that long-range forces or entropy effects have to be 
evoked in order to explain the parallel alignment. The 
properties of this svstem are similar in many respects 
to the well-known behaviour of tobacco mosaic 
virus particles. 


shown 
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Biological Origin and Configuration of 
10-Hydroxy-A?-decenoic Acid 


WE have recently established! that 10-hydroxy-A?- 


decenoic acid, which constitutes about 15 per cent of 
royal jelly, is not present in the free state in pollens of 


representative species, nectar or honey. We suggested 
that it might therefore be present in combined form or 
be a specific bee product. In order to investigate the 


latter possibility we have examined the four pairs of 


salivary glands of the honey bee (Apis mellifica) 
obtained by dissection under distilled water. 

Alcohol suspensions of one hundred thoracic, post - 
cerebral, and hypopharyngeal glands and fifty mandi- 
bular glands obtained from worker bees were filtered, 
the residual glands extracted with ether (1 ml.) in a 
Mickel tissue disintegrator and the combined alcohol 
and ether extracts concentrated tm vacuo to 0-2 ml. 
Kach solution was analysed (50 ul.) by paper 
chromatographic separation in amyl alecohol/5 M 
formie acid?. On spraying with a 0-1 per cent alcohol 
solution of chlorophenol red, an acidic component 
having PR,» 0-88 identical with that of 10-hydroxy-A?- 
decenoic acid was detected only in the extract of the 
mandibular glands. A paper ionophoretogram? of 
the extracts run in 0°1 M borate buffer, pH 10-0 was 
dried, suspended in an atmosphere of formic acid 
vapour in a vacuum desiccator for 1 hr., the excess 
acid then allowed to evaporate and the residual acidic 
components detected with the indicator spray. A 
component having M<¢ value® 0-64 identical with that 
of 10-hydroxy-A?-decenoic acid was again found to be 
present only in the extract of mandibular glands. This 
also confirmed by paper ionophoresis using 
0-29 M acetate buffer, pH 5:0 and detection with 
alkaline silver nitrate. 

The finding of 10-hydroxy-A®-decenoic acid in the 
mandibular glands of foraging bees is of interest; 
hitherto the hypopharyngeal glands have been con- 
sidered the sole glandular source of larval food® 
although Haydak® noted that their contents assumed 
the appearance of royal jelly when treated with 
mandibular gland secretion. Whether a female larva 
develops into a queen or worker bee is determined by 
the nature of its food?.8, and it has been suggested that 
the difference in diet occurs mainly with the older 
larve?. Two samples of larval food have therefore 
been analysed. The food from larve less than 3 days 
old was obtained by direct pipetting and that from 
older larvie by filling the cells with distilled water and 
collecting the mixture after the larve had floated up 
to the top. Qualitative paper chromatographic and 
ionophoretic analysis of ether extracts of the larval 
foods indicated that the food from the larvze less than 
3 days old was richer in 10-hydroxy-A?-decenoie acid 
than that from the older larvie. 

The application of nuclear magnetic 
spectroscopy has permitted the allocation of the (rans- 
configuration to 10-hydroxy-A?-decenoic acid. The 
spectra were determined by one of us (LL.M. J.) ona 
10 per cent solution of methyl 10-hydroxy-A?- 
decenoate (obtained from the parent acid by diazo- 
methane treatment) in carbon tetrachloride with 
Me,4Si as internal standard. It showed absorptions at 
(1) + = 865 due to ordinary methylene protons®, 
(2) + ~ 63 due to methylene and methyl protons in 
-CH eOH and -CO2Me and (3) t 4°2 2°5 associated 
with olefinic protons and typical of the A B region of an 
A BX» pattern where A and B are olefinic protons and 
Xe the adjacent methylene group. The values 
4:18 p.p.m. and J 4, 15°8 ¢.p.s. were 


was 


resonance 


ta = 3°02, cz 
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found. The coupling constant J4, is correct for a 
trans- disubstituted ethylene (cf., Jaz ~ 12 ¢.p.s. for 
cis- compounds) and the position of the {-proton 
(tA 3°02) is close to that expected for a trans- 
compound (cf., 74 2°92 for methyl trans-crotonaie); 
the + values for %-protons are critically dependent on 
stereochemistry!®. 

We thank Prof. M. Stacey for his interest in this 
investigation and are indebted to Mr. J. Simpson of 
the Rothamsted Experimental Station for providing 
the glands and larval food. 


S. A. BARKER 
A. B. Foster 
D. C. Lams 
Chemistry Department, 
The University, 
Egbaston, 
Birmingham, 15. 


L. M. JACKMAN 


Chemistry Department, 
Imperial College of Science and Technology, 
Prince Consort Road, 
London, S.W.7. 
Aug. 26. 
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BIOCHEMISTRY 


Application of Warburg’s Equation 
to Tissue Slices 


THE possibility of using Warburg’s equation to 
measure the diffusion coefficient of oxygen through 
slices of liver cut with the MacIlwain tissue slicer has 
been discussed!, 

Warburg’s equation related the oxygen concentra- 
tion outside to that at various points within a slic 
The diffusion coefficient of oxygen through liver and 
the oxygen uptake by liver are also parameters in this 
equation. The equation is only valid when the respira- 
tion rate is independent of oxygen concentration. 
This is true above the critical oxygen concentration. 
Since cells furthest from the surface will respire at 
their maximal rate only when the oxygen concentra- 
tion outside the slice is such that they are exposed to at 
least their critical oxygen concentration, it should be 
possible, knowing the critical oxygen concentration 
for the slice and for individual cells, the Qo, and the 
thickness of the slice, to caleulate the diffusion 
coefficient. 

For this application the equation reduces to: 


Co = Cs 


where C, critical pO2 (in atmospheres) of cells or 
mitochondria?; Cs critical pO» (in atmospheres) of 
slice; a ml. of oxygen consumed/min./ml. of tissue; 
2x slice thickness in em.; D diffusion coefficien!. 
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‘he measurement of C, has been described’, and 
wih a modification of the electrode it is possible also 
to measure the critical pO2 of liver slices*?. In the 
prosent study we measured the C; and C, of liver of 
si:.-week-old rats. We found that the C,. was never 
more than 10 per cent of the Cs; so in a preliminary 
ex unination of our results we neglected C, so that the 
eq vation reduces to: C, = ax?/2D. It will be seen that 
(, is proportional to the respiration rate and to the 
square of the thickness. Experimentally with slices of 
the same thickness the C; is in fact approximately 
proportional to the respiration rate. However, in the 
ca: of slices having the same respiration rate but of 
thicknesses in the ratio of 1: 5 the Cs; are not in the 
expected ratio 1:25 but less than 1:3. In other 
words the Cs is largely independent of slice thickness. 
In the equation x is theoretically the distance of the 
point of oxygen consumption furthest from the oxgyen 
supply. In practice, however, it does seem possible 
thai « might not equal half the thickness of the slice, 
since Elias has shown that liver is composed of 
branching plates (a muralium) and during the 
measurement of Cs; the agitation of the fluid in the 
polarographic cell may be sufficient to maintain a flow 
of oxygenated fluid between these plates. If this is the 
case then the value of 2 which should be used in the 
equation would be half the thickness of the thickest 
part of the muralium. This would explain the failure 
of (, to inerease as the square of the slice thickness. 

It this explanation is correct we would expect to 
find that the Cs; of slices of more compact tissues might 
show the predicted relationship with slice thickness. 
Measurements were made on slices of heart and 
kidney, but they showed the same relationship as did 
liver slices. It seems therefore that it is necessary to 
re-examine the assumptions made both by Warburg 
and ourselves. They are that protoplasmic streaming 
plays no part in oxygen transport in the cell and that 
the critical pOe2 of individual cells and isolated mito- 
chondria is identical with that of the same cells in 


We are indebted to Prof. A. Haddow, of the Chester 


Beatty Research Institute, for the supply of rat 
livers 
I. S. LonNemurr 
ANN BOURKE 


lepartment of Biochemistry, 
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Determination of the Interaction 
of Deoxyribonucleate and Magnesium 
lons by Means of a Metal lon Indicator 


THIS communication presents a study of the 
binding of magnesium ions by deoxyribonucleate 
using eriochrome black 7' as an indicator of magnesium 
ion concentration. Earlier studies by conductometric 
and spectrophotometrice titration procedures were 
interpreted as showing that, in the absence of other 
Salis, magnesium was tightly bound by both un- 
denatured and denatured deoxyribonucleic acid!; this 
conclusion was based primarily on the presence of 
breaks in the titration curves which were, irrespective 
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of the degree of denaturation, stoichiometrically 
related to the concentration of deoxyribonucleic acid 
over a wide range of concentrations. However, using 
similar conductometric procedures, Zubay and Doty? 
later concluded, from comparison of the increments of 
conductivity, that under these conditions magnesium 
was bound tightly by denatured but only loosely by 
undenatured deoxyribonucleic acid. Titration methods 
of this type do not of course yield direct information 
concerning either the extent or tightness of binding. 
In particular the increments of conductivity found in 
the conductometric titrations depend! not only on the 
extent of binding but also on the balance of various 
other factors. In view of these facts and of the 
importance of ion binding to many aspects of the 
behaviour of deoxyribonucleic acid, it appeared 
desirable to obtain further information by methods 
which give a more direct measure of binding. Results 
obtained using the metal ion indicator show that 
magnesium is, in fact, bound even more tightly by 
undenatured than by denatured deoxyribonucleic 
acid. 

A spectral titration procedure was used in which the 

increase of absorbance at 540 my (ref. 3) that occurs on 
addition of magnesium chloride to a solution con- 
taining eriochrome black T' (4°4 « 10-5 M) is measured. 
To inhibit water denaturation of deoxyribonucleic 
acid the concentration of sodium chloride was in every 
ase 0'002 M or greater. Buffer systems used were 
0:002 M ethanolamine, pH 10°2, and trimethylol 
aminomethane (tris), pH 9°04; at these pH values 
eriochrome black 7’ serves as a sensitive indicator of 
magnesium ion concentration. Similar titrations in 
which citrate was used in place of deoxyribonucleic 
acid established that eriochrome black 7’ functions as 
a reliable indicator of free magnesium ion concentra- 
tion under these conditions. 

Four different preparations of calf thymus deoxyri- 
bonucleic acid were used; two were made as previously 
described4 and two were made by the procedure 
described by Zamenhof et al.5 All were completely 
‘undenatured’ according to the several optical criteria 
cited or described in ref. 4; likewise, ultra-violet 
absorption measurements showed that they remained 
undenatured during the titrations, a finding in accord 
with earlier observations that neither titration nor 
alkali denaturation of deoxyribonucleic acid begins 
until somewhat higher pH values (about 10°8-11) 
are reached. Heat-denatured deoxyribonucleic acid 
was made by exposing solutions to 95° for 1 hr. 

A typical set of titrations at pH 10:2 is given 
in Fig. 1. The degree of transformation of eriochrome 
black T' to the eriochrome black 7'-magnesium complex 
is given by «. The amount of magnesium bound by 
deoxyribonucleic acid is determined by subtraction 
of the dye curve from the appropriate acid titration. 
Fig. 2 relates r, the equivalents of magnesium bound 
per deoxyribonucleic acid-phosphorus, to [Mg**], the 
concentration of free magnesium. Values of [Mg*t*] 
were calculated from 

Ms] = oa 
. EBT 
where K,,,7 is the association constant for eriochrome 
black 7 and magnesium at the particular pH, esti- 
mated by interpolation from values given by Schwar- 
zenbach3, 

The results show that, at low concentrations of 
sodium chloride, magnesium is very tightly bound by 
both undenatured and denatured deoxyribonucleic 
acid, binding by the undenatured form being tighter. 
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Fig.1. Effect of deoxyribonucleic acid on the titration of eriochrome 
black 7’ with magnesium chloride. pH is 10-2; in all cases sodium 
chloride 0-002 M. The number of moles of deoxyribonucleic acid- 
phosphorus given below were in each case present in the 3 ml. of 
solution titrated with magnesium chloride. x, eriochrome black T 
alone; A, 3-84 10-7? moles of denatured deoxyribonucleic acid- 
phosphorus; O, 3-84 x 10-7 moles of undenatured deoxyribonucleic 
acid-phosphorus; A, 3°09 x 10-® moles denatured deoxyribonucleic 
acid-phosphorus; @, 3-09 x 10-® moles of undenatured deoxyribonu- 
cleic acid-phosphorus 
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Fig. 2. Binding of magnesium ions by deoxyribonucleic acid. The 
equivalents of magnesium bound per nucleotide is designated by 7. 
O, from titrations at pH 9-04. All other points from titrations at 
pH 10-2. A, O, undenatured deoxyribonucleic acid in 0-002 M 
sodium chloride. 4, denatured deoxyribonucleic acid in 0-002 M 
sodium chloride; @, undenatured deoxyribonucleic acid in 0-02 M 
sodium chloride. @, undenatured deoxyribonucleic acid in 0-1 M 
sodium chloride. <, denatured deoxyribonucleic acid in 0-1 M 
sodium chrloride. Concentration of nucleic acid phosphorus = 
1-03 x 10° M 


The association constant for binding of magnesium 
and undenatured deoxyribonucleic acid (in 0°002 M 
sodium chloride) is about 2 x 10° (assuming a 
maximum binding capacity of 0°6 eq. per nucleotide). 
The binding of magnesium is greatly reduced by 
increase of sodium chloride and the results suggest that 
sodium is capable of replacing magnesium on all 
binding sites. The very large effect of sodium, together 
with finding that magnesium is more tightly bound 


by the undenatured deoxyribonucleic acid, in spite of 


initial blocking of the amino and enolic groups, 
suggests that binding of magnesium by deoxyribonu- 
cleic acid primarily involves the charged phosphates 
rather than amino or enolic groups. Although only a 
limited range of [Mg++] values can be covered at a 
given pH, it appears that binding of magnesium by 
deoxyribonucleic acid does not vary with pH over the 
range studied, in accord with expectations from the 
titration properties of deoxyribonucleic acid. It is to 
be expected that the same invariance with pH should 
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apply to the whole range of pH where no titration of 
deoxyribonucleic acid occurs (around 5-11). 
JOSEPH SHACK 
BarBARA S. Bynum 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, 14, Maryland. 
July 14. 


1 Shack, J., Jenkins, R. J., and Thompsett, J. M., J. Biol. Chem., 203, 
373 (1953). 

2 Zubay, G., and Doty, P., Biochim. et Biophys. Acta, 29, 47 (1958). 

3 Schwarzenbach, G., “Die komplexometrische Titration’? (Ferdinand 
Enke, Stuttgart, 1956). 

4 Shack, J., J. Biol. Chem., 233, 6677 (1958). 

5 Zamenhof, S8., Griboff, G., and Marullo, N., Biochim. et Biophys. Act 
13, 459 (1954). 


Estimation of ugm. Quantities of Iron 
in Culture Medium, using 
Bathophenanthroline 


THE use of bathophenanthroline (4:7-dipheny]- 
1:10-phenanthroline) as a highly sensitive reagent for 
the colorimetric estimation of iron has been described 
by Smith, McCurdy and Diehl’. They showed that 
it was almost twice as sensitive as 1:10-phenanthro- 
line, that the ferrous-batholphenanthroline complex 
could be extracted into a suitable solvent, and that it 
was virtually specific for iron (cobalt formed a yellow 
non-extractable complex; copper formed a yellow 
extractable complex, but only in neutral or alkaline 
solution). In view of these considerations it was 
decided to use this reagent to replace 1:10-phenan- 
throline in the estimation of iron in culture medium, 
and the following method was developed. 

150 ml. ‘Pyrex’ boiling flasks are cleaned by boiling 
with 10 M sodium hydroxide, rinsing with distilled 
water, heating for an hour with 18 M sulphuric acid, 
and finally rinsing with deionized water. Sulphuric 
and nitric acids are redistilled in vacuo from silver 
nitrate. Perchloric acid is redistilled in vacuo and thie 
constant boiling acid collected. n-Hexanol is redis- 
tilled, and the fraction boiling at 156—158° C. collected. 
Reagent solutions are purified by adding batho- 
phenanthroline and extracting with n-hexanol. 

The sample of culture medium containing 2-3 ygm. 
of iron, is placed in a cleaned flask, and 0°2—0°5 ml. 
sulphuric acid added, the exact quantity being the 
minimum amount necessary to ensure a_ liquid 
residue after ashing. 2 ml. nitric acid is added and the 
mixture is boiled until charring begins, when the heat 
is turned off. When the mixture is cool a further 1 nil. 
of nitric acid is added, followed by 1 ml. of perchloric 
acid, and the mixture is reheated until clear, additional 
nitric acid being added if further charring occurs. 
When clear, excess nitric and perchloric acids are 
boiled off. 

The digest is cooled and diluted to about 5 ml. with 
deionized water. Phenolphthalein is added, tiie 
solution is neturalized with 18 M ammonium hydroxi le 
and then the pink colour is just discharged with 2 J 
hydrochloric acid. 1 ml. of 10 per cent (w/v) hydroxy!- 
amine hydrochloride, 1 ml. of 0-1 per cent (w/v) 
bathophenanthroline in 70 per cent (v/v) ethanol, and 
1 ml. of 40 per cent (w/v) sodium acetate are added 
and the solution is boiled for 10—20 sec. to decompose 
ferric pyrophosphate?. When cool, the contents of tlie 
flask are transferred to a separating funnel, rinsing te 
flask successively with 2-3 ml. deionized water, 2 ml. 
ethanol, and 2-3 ml. deionized water. After mixing. 
the colour is extracted into 6 ml. n-hexanol, allowing 
15 min. for separation. The extract is transferred 
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tc astoppered tube graduated at 10 ml., the separating 
funnel is rinsed with 2 ml. ethanol, and the volume 
made up to 10 ml. with ethanol. The tubes are 
ce atrifuged, the optical density of the n-hexanol 
ract measured at 533 my using 2 em. cells, and iron 
tent read from a standard curve. 

‘<esults obtained from an experiment in which three 
independent operators determined the iron content of 
a single culture medium sample showed that the error 
variance between operators, corresponding to a 
standard deviation of +1°4 per cent was not sig- 
niicant compared with the residual (experimental) 
error of the method, which corresponded to a standard 
deviation of +1°5 per cent. In a further experiment in 
which a known quantity of iron was added to a sample 
of culture medium, the figures shown in Table 1 were 
obtained. 


lable 1. RECOVERY OF IRON ADDED TO CULTURE MEDIUM 
fron in 
edium, Iron added, Iron found, Iron recovered, Recovery 
vem. wg_m. ugm. wgm. (per cent) 
2-37 3-0 5-42 3:05 102 
6-44 4-07 102 


In addition to the estimation of iron in culture 
medium, the method has also been extensively 
employed for estimation of bacterial iron in cultures of 
Corynebacterium diphtheriae. 

| wish to thank Dr. C. G. Pope for suggesting the 
use of the reagent, and Mr. E. L. Fenton for statistical 
analyses. 

P. A. SEAMER 


Welleome Research Laboratories, 
(Biological Division), 
Langley Court, Beckenham, 
Kent. June 10. 


? Smith, G. F., McCurdy, W. H., and Diehl, H., Analyst, 77, 418 (1952). 
* Jones, W. A., Biochem. J., 43, 429 (1948). 


Monovalent Cations and the Incorporation of 
Metabolites by Isolated Thymus Nuclei 


INCORPORATION into protein of amino-acid by 
disrupted Bacillus megaterium prootplasts!, pes 
seedling nucleoprotein particles?, and rat liver micro- 
somes* is markedly enhanced by potassium ions 
while sodium ions are either inhibitory or without 
effect. In contrast, incorporation of amino-acid 
into the proteins of isolated thymus nuclei requires 


sodium ions, and potassium ions are inactive’. 
Potassium ions are required for many different 
enzyme-catalyzed reactions; but the observations 


with nuclei constitute one of the few instances of an 
apparently similar requirement for sodium ions. 
We have, therefore, examined this requirement in 
more detail, especially to determine whether the 
sodium requirement is unique for nuclear protein 
synthesis, or whether related activities, such as 
nuclear nucleic acid synthesis, also require sodium 
ious, 

Nuclei were isolated from calf thymus as described 
by Allfrey et al.4. One ml. of nuclear suspension was 


aided to a medium consisting of 0-4 ml. of 0-1 M 
glucose (containing 6:25 mgm. sodium chloride and 
o°34 mgm. crystalline mercuric chloride per ml.), 
0-5 ml. of 0-1 M sodium phosphate buffer (pH 7-1), 
and 0-1 ml. of metabolite labelled with carbon-14 
containing approximately 300,000 counts per minute) 
For experiments with other cations, the sodium 
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compounds in the medium were replaced by an 
equivalent amount of potassium or other compounds. 
The suspension were shaken for 120 min. at 38° C. 
The nuclear proteins and nucleic acids were preci- 
pitated with 13 ml. of cold two per cent perchloric 
acid. The precipitate was washed four times with 
two per cent perchloric acid, twice with hot 95 per 
cent ethanol, twice with an ethanol-ether mixture 
(3:1), and finally with ether. Deoxyribonucleic acid, 
ribonucleic acid, and protein were separated by a 
modified Schmidt-Thannhauser procedure®, in which 
the hydrolysis methods of Kleinschmidt and Mantley °® 
were employed. The hydrolysed ribonucleic acid 
was further purified by absorption on and elution 
from Dowex-1 chloride’. Separation of the nucleo- 
tides liberated by hyrdolysis of ribonucleic acid 
(electrophoresis in 0.05 M ammonium formate buffer 
of pH 3-5) showed that all of the radioactivity 
incorporated in the ribonucleic acid resided in the 
nucleotides. The hydrolysed ribonucleic and deoxy- 
ribonucleic acids were measured at 260 my in a 
Beckman spectrophotometer by use of an absorbance 
index of 32:1 and 26-1 for ribonucleic and deoxy- 
ribonucleic acids respectively. Protein concentration 
was measured by the biuret method’. The protein 
and the hydrolysed nucleic acids were dispersed 
evenly on glass planchets and assayed for radio- 
activity with a nuclear model D-47 gas-flow counter 
and standard scaling circuit. 


Table 1. EFFECT OF REPLACEMENT OF SODIUM BY PoTASsiIUM IONS 
ON THE INCORPORATION OF VARIOUS PRECURSORS INTO NUCLEAR 
PROTEINS AND NUCLEIC ACIDS. 
Compound Incorporation in the presence of potassium 
ions (expressed as per cent of incorporation 
in the presence of sodium ions) 


Ribonucleic Deoxyribonucleic Protein 
acid acid 

Glycine—2-14C 24 20 oe 
Alanine-1-14C 15 16 12 
Formate-—!4C 84 111 65 
Adenine—&8—!4C 123 115 —_ 
Guanine—4—l4C 85 110 — 
Uracil—2-14C 123 — -- 
Adenosine—8-—!4C—5‘ 

monophosphate 92 85 — 


‘Table 1 shows the effects of replacement of sodium 
ions by potassium ions on the incorporation of various 
precursors into the nucleic acids and protein of 
isolated nuclei. It can be seen that the incorporation 
of glycine or alanine carbons into not only protein, 
but also nucleic acids is strongly inhibited by replace- 
ment of sodium by potassium ions. In contrast, 
the incorporation of formate carbon into both 
nucleic acids and proteins exhibits moderate or no 
inhibition. Likewise, the incorporation of labelled 
adenine, quanine, uracil, or adenosine-5’-mono- 
phosphate into nuclear nucleic acids is not generally 
inhibited by replacement of sodium ions by potassium 
ions. Thus, it appears that only the utilization of 
amino-acids for either protein or nucleic acid syn- 
thesis requires sodium ions. 
sodium ions for amino-acid utilization for 
protein and nucleic acid formation is very specific, 
as sodium cannot be replaced by potassium, ammoni- 
um, lithium, rubidium, or cwsium ions. The manner 
in which sodium ions are required only for amino- 
acid utilization for protein and nucleic acid synthesis 
is not clear. One possibility, that is compatible 
with the results obtained here, is that sodium ions 
are required for the transport of amino-acids across 
the nuclear membrane, but clear evidence for such 
a role for sodium ions must await further experiments. 
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Proof of the Formation of Enzyme-Substrate 
Complex by ‘Crossing-Paper Electrophoresis’ 

In tho first report!, * on ‘crossing paper cleetro- 
phorosis’, a direct domonstration of onzyme-substrate 
complex has been deseribed. ‘The enzymes tested 
included crystallized pure trypsin, chymotrypsin and 





ribonucloase. 

Objections® were raised, namely, that the formation 
of enzyme-substrate complex was not demonstrated 
thereby but merely an overlapping of the line of 
enzyme and that of substrate appeared, that the 
enzyme did not interact with substrate but with its 
split products and so on. We have already answered 
these objections'; and up to the present, there seems 
to be no reason for denying the validity of the 
principle of Serossing paper electrophoresis’, and 
hence that of the demonstration of onzyme-substrate 
complex carried out by this method. 

Sines the first 


experiments 


have 
with other than 
those cited above and obtained what we hold to be 


report was submitted, we 
continued enzymes 
an unequivocal proof of the formation of enzymo- 
substrate complex, using crystallized pure prepara- 
tions of amylase, papain, arginase, and lactic dehydro- 
OnAsO,. 

In Fig. 1 is shown one of the experiments demo- 
strating the formation of onzyme-substrate complex 
of papain. AL per cent solution of the crystallized 
papain was applied on the line drawn parallel to the 
direction of the electrical field and a 0-2 AT solution 
of benzoyl argininamide on the line vertical to. it. 
Tho lino of papain migrated so slowly compared 
with that of benzoyl-argininamide, that the line of 
the latter and that of papain came to cross each other 
with the progress of clectrophoresis (hence ‘crossing 
paper cloetrophoresis’). 

As has already been shown, two lines of different 
deformation at the point of 
crossing if they interact, beeause the complex which 
they show different mobility from its 
parent substances (the principle of ‘crossing paper 
In Fig. 1, the line of benzoyl-L- 
argininamide shows a groove along the line of papain. 
This must be due to the fact that the former inter- 
acted with the latter to form a complex, which would 
migrate very slowly. ‘Thus the lino of benzoyl-L- 
argininamide would be retarded at the part where it 
crossed with the line of papain to form the complex. 
But tho part of benzoyl-L-argininamide line whero 
the complex was formed would not remain at the 


substances show a 


rust 


form 


olectrophoresis’). 
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point of complex formation, as the complex dis- 
sociates and equilibrates with the substrate. Thas 
the groove formed in the line of a substrate will 
become shallower according to the value of the 
dissociation constant, if other conditions are the 
same. In this way the formation of the onzyme- 
substrate complex of papain with benzoyl-L-arginin- 
amide was domonstrated unequivocally. 

The same procedures were applied to amylase, 
pepsin, arginase and lactic dehydrogenase, and the 
formation of the respective enzyme-substrate complex 
was demonstrated. 

In the case of amylase, the lines of the application 
of enzyme and substrate were the opposite of those 
of other enzymes. ‘The reason for this is that the 
starch has a molecular weight as large as that of 
amylase and does not migrate. In order to meet the 
objection that the enzyme might have interacted not 
with substrate but with its split products, it is most 
convineing to demonstrate the deformation of the 
line of substrate. ‘Thus for amylase, a control was 
necessary, although it is improbable that an enzyme 
would interact only with the split) product of its 
substrate and not with the substrate per se. 

In the case of lactic dehydrogenase, the enzyme 
used for the demonstration was the apoonzyme which 
could be shown to form a complex with lactic acid in 
one experiment and with diphosphopyridine nucleo 
tide in the other. 

The samo experiments were carricd out with other 
enzymes using crude preparations. The enzymes 
with which the enzyme-substrate complex could most 
probably be demonstrated were urease, histidase, 
glycylglycine dipeptidase, malic dehydrogenase, etc. 
experimental results obtained were almost the same 
as with pure enzymes. But as the enzyme prepara 
tions used were crude, the proof is not so convineing 
as with crystallized pure enzymes, because the sub 
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Vig. 1. Kleetrophoretic crossing of the line of benzoyl L- arginin 

amide and that of benzoyl bo arginin with that of papain 
50 mM solution of benzoyl L-arginine on the line AB, 0-0076 ml./8 em 
60 mM solution of benzoyl Lb argininamide on the line BC, 0-007 mil 
Sem.) percent papain solution on the line YY, and YY Gon WY 0-021! 
10 ¢m., and on V4" 0-005 ml/.10 em. Acetate buffer containing 21m 
ethylenediaminetetraacetate, pil 3-0, lonie strength 0-05, Kleetro 
phoresis at S00 V. 15m. amp. for 60 min, After drying for 10 min. at 
110°, stained with Sakaguchl reagent. Paper, Toyo No, 61, Grooves 
appearing in the lines of benzoyl L argininamide and benzoyl-L-aryin 
ine are of the same depth, If the substance on the grooved part of (he 
benzoyl L- argininamide line were benzoyl-L-arginine, the part had to 
retarded as deep as the corresponding part of the benzoyl L- arginine 
ine, 
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strates could also intereact’ witn non-enzymic inert 
protoins. 

he number of enzymes with which the enzyme- 
substrate complex has been demonstrated by the 


erousing-paper electrophoresis is not yet large, even if 


the demonstrations with crude preparations are 
included. ‘The proof of the enzyme-substrate com- 
plex, as is well known, has hitherto been regarded as 
one of the most difficult problems, as the complex is too 
un (able to be isolated as such. ‘The demonstration 
of ‘he complex with somo oxidases by the change in 
light absorptions has been regarded as the only 
pos ible and sure one, But this is not applicable to 
other enzymes, However, by the procedure of the 
crosing-paper electrophoresis, it has now been 
established that the proof of enzyme-substrate 
complex is no longer a difficult problem, The complex 
formation of individual enzymes will be demonstrated 
sooner or later. 
Detailed reports will appear elsewhere, 
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HAMATOLOGY 


Influence of Streptomycin Solutions on the 
Interaction Between the Agglutinating 
Sera and the Corresponding Red Blood 
Cell Receptors 


Work on the influence of different chemical com- 
pounds on the reaction between blood group receptors 
of red cells and the corresponding antibodies has 
been published; but the action of antibiotics on 
this reaction, however, has not yet been fully ex- 
tmined except by Neter ef al.t, who deseribed the 
effect of lipopoly- 
seccharides utilizing hemagglutination and hiemo- 
lyas reactions. Our chance discovery of, the in- 
hibiting effect of a streptomycin solution on the 
revetion between anti- 2 antibodies and D-positive 
erythrocytes led us to study the effeet of different 
stroplomyein concentrations on the antigen-antibody 
nferactionin blood groupsystoms, Morourexperiments 
we used streptomycin of Czechoslovak origin (Strepto- 
mycintium sulphuricum’, Penicillin’ Works, Prague). 
Tho different streptomycin concentrations were 
prepared by diluting To gm. of streptomyein in 2, 5, 
10, 20, 50, 80 and 100 ml. of saline, Agylutinating 
ser Of the systems A,A,BO, MN and h/Hr wore 
chosen for the reaction; the red blood cells of the 
corresponding blood groups were washed three times 


antibiotics on enterobacterial 


in saline before use. 

In the first group of tests the effect of different 
streptomycin concentrations was investigated in’ the 
following manner: after mixing equal parts of 
antisera (titrated progressively in twofold dilutions) 
with the corresponding streptomycin concentration 
an equal amount of a 4 per cent suspension of type 
red colls was added. ‘Tho control tests were carried 
oul in the same way by adding the corresponding 
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amount of saline instead of the solution of antibiotics, 
In sora of the A BO and MN blood group systems the 
testswere carried out in agglutinating tubes (9 89mm.) 
and in that of the Rh/Hr system in’ microtubes 
(65%45 mm.). After suitablo incubation at optimal 
temperature the results in the ABO and MN systems 
wore read macroscopically and in the h/Hr system 
microscopically. ‘The results aro shown in ‘Table 1. 


TABLE 1 


Control ml. saline containing Lo gm, 
Sera Cells titre* streptomycin solution 

2 b oO 20 30) 60) BO 100 
A (anti-B) R 1:16 it 5 % 16 
B (anti-A) Ay 1:64 16 «64 
antl Ay Ay 1:16 2 8 s a] 8 | 16 
anth-O (11) oO 1:16 s K 16 
Leetinanti-i oO 1:64 16 64 
antl M M 1:32 2 8 16 32 
antl N N 1:8 0 0 3 4 ra] 
anti-D CUDee is 0 0 0 2 4 4 4 8 
antl D CCDee V:128 0 0 4, 161:82 ' 82 64) 64 
anth DE? CUDee 1:64 0 2 4 8 16 16) «32 | C32 
antec CUDee 1:64 y 8, 16 32 | 64 
antic CCDee 1:612 0 32 O4 128 266 266 612 
anti-e ccddee 1:64 0; 32 | 32 64 
anthe ecddee 1:16 0 2 2 4 8 8 16 





*Streptomycin solution was substituted by equal amount of saline 
TK igures indicate titres; O, no agglutination, 


It can be seen that in higher streptomycin concen- 
trations the reaction with most sera (mainly in’ the 
Rh/ Hr system) is inhibited. The inhibition declines 
gradually with the deerease in’ streptomycin con- 
centration but differs according to the type of anta 
bodies used until it gradually disappears ino higher 
stroptomyein dilutions. 

The next task was to observe whether the strepto- 
mycin solution acts on red blood cell receptors or 
on the antibodies. After of red blood 
cells type D positive to the action of the strepto- 
concentrations at 387° CL and for various 
lengths of time (1, 2, 4, 8, 16, 24 and 48 hr.) the 
erythrocytes wero washed three times and again 
titrated with specifically reacting: anti- 2 appelutina 
ting antibodies. In the controls we used erythrocytes 
which had been stored for the same length of time 
and instead of antibiotics the same amount of saline 
was added. It was found that the activity of the 
D receptor is not lowered as compared to the controls. 
Tho following experiment confirmed our assumption 
that streptomycin in b:2 and 1:5 concentration doos 
not act on the blood group receptor DY of the red 
coll membrane, Red cells which in the first experi- 
ment did not produce a positive reaction in the pre- 
sence of antibody and the streptomyein solution, 
were again incubated after a single washing with 
saline and the addition of the specific antibody. The 
ensuing positive result showed that the cells had not 
lost their agplutinating: capacity. 

If, however, normal erythrocytes were exposed to 
the action of the supernatant from our first experi- 
ment, the results were negative as opposed to the con- 
trols. It can be concluded from our experiments that 
streptomycin acts apparently on the antibody to 
which it has a greater affinity than to the red blood 
This is also in keeping with the find- 
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mycin 


cells receptors. 
ings of Netor etal.) 
M. Kour 
Z. KUBICKOVA 
Institute of Hamotology and Blood Transfusion 
Prague 


1 Notor, K., Gorzynski, BE. A., Westphal, 0., 
J. Immunol., 80, 66 (1058). 


and Luderitz, O., 





640 NATURE 


Frequency of the New Blood Group Antigen 
Js* among South American Indians 


THe NEw blood group antigen Js® was discovered 
by Giblett!. Families carrying this antigen showed 
independent segregation from ABO, MNSs and Rh 
blood systems. Recently, Layrisse, Sanger and 
Race? studying families of hybrid populations of 
Venezuela added proof of its independence of Duffy, 
Kidd and Diego, and also confirmed its independence 
of MNSs and Kh. 

The distribution of the Js® antigen suggests that 
it isa Negro antigen. It has been found to be positive 
in 19 per cent of Negroes in the United States while 
not a single positive case was observed in 500 white 
donors’. No other ethnical human divisions have 
yet been tested, 

Table 1 shows the incidence of Diego and Js 
blood group antigens in four Indian tribes from the 
western part of Venezuela. The Paraujano and 
Goajiro belong to the Arawak Indian stock and the 
Irapa and Macoita are classified as Carib. 


Table 1. FREQUENCY OF THE DIEGO AND JS BLOOD GROUPS IN FOUR 
SOUTH AMERICAN ENDIAN TRIBES 
Tribes | Number Diego Js 
| tested 
Phenotypes Genes Phenotypes Genes 
(percent) (per cent) (percent) (per cent) 
{ Di Di Di* Di Js Js Js* Js 
(at) (a) (ai) (a) 
|Parau- 
jano 120 10-00 90-000 5-14 9486 2-50 97-50 1-23 O8-74 
Goajiro 119 10-08 89-90 SIR OAR O44 OTD O44 00-56 
Trapa 138 LAT OT RZ  1-10-08-00) 0-00 100-00) 0-00 100-00 
Macoita 57 19-20 80-70) 1O-L7 BOSS 0-00 100-00) 0-00 100-00 


The incidence of the Di® in’ Paraujano, Goajiro 
and Macoita was in accordance with previous studies4; 
however, the low frequency for the Lrapa Indians was 
not expected, since in all Carib tribes tested so far 
the incidence of the gene Di® has been between 10 
and 24 per cent. 

Both Carib tribes show negative 
the Js®, while the Arawak tribes show three positive 
cases out of 120 Paraujano, and one positive case out 
The studies of other blood 


incidence of 


of 120 Goajiro, Indians. 
group antigens, which will be published in) detail 
elsewhere, demonstrated that) both Carib tribes had 
no Negro admixture, while a Negro gene flow into 
both Arawak tribes was found; this is in agreement 
with the physical features and historical tradition. 

The results presented here indicate that the Js@ 
is negative or has a very low frequency in the Indian 
tribes studied. Tf in future investigations this finding 
should be confirmed among other Indian tribes, and 
perhaps in) Asiatic Mongoloids, the antigen will be 
of great value for studying Negro gene flow) into 
hybrid populations. 

We are indebted to Dr, 
supplied the anti-Js# 


Kloise R. Giblett who 
generously used in these 
studies. 
This work was supported in part) by Fundacidn 
Creole, Caracas. 
Miaguen. LAYRISSE 
ZULAY DE LAYRISSE 
Centro de Investigaciones 
Banco Municipal de Sangre 
Caracas, Venezuela 
' Giblett, KE. R., Nature, 181, 1221 (19528). 
* Layrisse, M., Sanger, R., and Race, KR. R., Amer. J. Hum. Genet, (in 
the press). 
* Giblett, I. KR. (personal communication). 
4 Layrisse, M., Arends, T., and Dominguez Sisco, R., Acta, Med. Venez., 
3, 132 (10955). Nunz Montiel, A. E., and Nunz Montiel, J. T., 


Sangre, 3, 38 (1958). 
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A Terminal Peptide Sequence of 
Human Hemoglobin? 

Ir was reported recently!) that the chemical 
difference between the normal human haemoglobin A 
and the abnormal hwmoglobins S and C resides in a 
tryptic peptide, called peptide 4, to which the 
following structure was assigned: histidyl-valyl-leucy1- 
leucyl-threonyl-prolyl-glutamyl-glutamy |-lysine, In 
hemoglobins S and C the glutamic acid residue which 
is in italics is replaced by a valine and a lysine 
residue, respectively. Although the evidence avail 
able at the time of publication made the above 
structure appear likely, repeated attempts to confirm 
it by the Kdman stepwise degradation method4 have 
not agreed with this formulation. We now wish to 
report that the sequence of peptide 4 in the hemo 
globins A and C is as indicated in Table 1, with 
histidine in position 2 and valine as the N-terminal 
amino-acid. Furthermore, this peptide is likely to be 
N-terminal in one of the hwmoglobin chains. The 
structure of peptide 4 from haemoglobin S is still under 
investigation, but it seems likely — especially in the 
light of the work of Hill and Schwartz (following 
communication) that its structure is as shown. It 
should be noted that the sequence around the amino 
acid which changes and the changes themselves in 
these mutational alterations are not affected by the 
new structure. 

The first suspicion arose when one of us (J.A.H.) 
found that application of Sjéquist’s modifications of 
the Kdman stepwise degradation yielded valine as the 
N-terminal amino-acid for peptide 4 from haemoglobin 
A‘? and peptide 46 from haemoglobin Cs. Only traces 
of histidine could be obtained at this step. Histidine, 
or rather its phenylthiohydantoin, was tested for by 
removing én vacuo the acid used in the method and 
extracting a slightly alkaline solution with) ethy! 
acetate, On the other hand the second step did give 
histidine, but in poor yield, and the third step yielded 
mainly leucine in reasonable yield, These amino-acids 
were identified by two-dimensional paper chromato- 
graphy after hydrolysis of their phenylthiohydantoins 
with hydriodic acids. Qualitative analysis® of the two 
peptides after one and two steps of the Hdman 
degradation showed that valine was much reduced 
after one step and that after two steps both valine and 
histidine were absent from the residue. [t appears 
that the peptide 4 begins with the sequence valy! 
histidyl-leueyl-. However, repeated attempts to 
obtain dinitrophenyl-valine after reaction with fluoro 
2: 4-dinitrobenzene’? were unsuccessful. Quantitative 
amino-acid analyses® after) paper chromatograph) 
indicated that there is only a single leucine residue in 
the peptides 4. 

At this) point a Spinco automatic 
analyser, modelled on Moore and Stein’s equipment! 
became available. Analysis of haemoglobin A peptide 
4 showed at once and unequivocally that only one 
instead of two leucines is present together with the 
other amino-acids in their expected quantities, 

Haemoglobin A peptide 4 was submitted (V.M.1.) 
once again to one step of the Sjéquist degradation 4, 
but both the N-terminal amino-acid derivative and 
the remaining peptide were analysed quantitatively °, 
the latter on the automatic amino-acid analyser, The 
results were clear. After cyclization of the pheny! 
thiocarbamyl! peptide under Sjéquist’s conditions, on 
extract of the diluted acid solution showed the sp 
trum typical of a phenylthiohydantoin4s, After 
removal of the acid, the slightly alkaline solution did 
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no! yield any more phenylthiohydantoin, as would 
have been expected had histidine been present as the 
N terminal amino-acid. After hydrolysis with hydrio- 
die acid the acid extract showed that valine was 


practically the only amino-acid present. The rest of 


th peptide was hydrolysed and analysed quantita- 
tively. All the amino-acids were present, except for 
the valine which was reduced to 10 per cent of its 
usual value. Clearly the peptide had N-terminal 
valine, Histidine was still present although reduced 
slivhtly in amount. ‘The recovery of lysine was only 
about 50 per cent, due perhaps to incomplete hydro- 
lysis Of its €-phenylthiocarbamyl-derivative. On the 
basis of these results we feel that the structures shown 
in Table 1 are now correct. Hill and Schwartz 
(following communication) have independently arrived 
at (he same structure for haemoglobin A peptide 4 in 
connection with their work on haemoglobin @. 


Table 1.) STRUCTURE OF HAMOGLOBIN PEPTIDES 4 
toglobin A Val. His. Leu. Thr. Pro.Glia.Glu. Lys. 
S Val. His. Leu. Thr. Pro. Val.Gilu. Lys. 
C Val. His. Leu.Thr. Pro. Lya.Glu. Lys. 
(Val valyl-, His histidyl-, Leu leucyl-, Thr 
threonyl-, Pro prolyl-, Glu glutamyl- Lys = 
lysine.) 


‘These results are interesting, because Rhinesmith, 
Schroeder and Martin'® found that the 
hemoglobin, which is known!!! to contain peptide 4, 
hevins with the sequence valyl-histidyl-leucyl- fol- 
lowed by a bond which is relatively easily cleaved by 
mild acid hydrolysis. Such a bond is the -leucyl- 
threonyl- sequence shown in ‘Table 1. It seems likely, 


therefore, that peptide 4 stands at the N-terminus of 


the 6-chain of hemoglobin and that the glutamic acid 
residue which changes in hiaemoglogins S and C is in 
position number six along this chain, If this is true, 
then in some manner as yet not understood these 
alterations at the N-terminus of the $-chain appear to 
exert a profound effect on the physical behaviour of 
the whole molecule as shown for example by the 
drastically low solubility'!? of reduced haemoglobin S. 

It is still not clear why the dinitrophenyl method 
does not yield dinitrophenyl-valine from these pep- 
tides, yet destroys histidine, Rhinesmith, Schroeder 
and Pauling!® also noted this strange behaviour which 
in part led to the original formula for peptide 4. 
Furthermore, our experience reinforces that of other 
workers on the importance of reliable quantitative 
amino-aweid analyses? on these peptides and their 
fragments. It seems that estimation by inspection of 
Chromatograms cannot always decide reliably between 
the presence of one or two equivalents of a particular 
wnino-aeid, 

We wish to acknowledge the courtesy of Drs. Hill 

and Schwartz in allowing us to see their manuscript 
prior to publication, 
(J.A.H.) is grateful to the Medical 
Research Council for a scholarship. This work was 
supported in part by a grant from the Medical 
Foundation, Ine., Boston. 
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J. A. Hunt 


Medical Research Couneil Unit 
for Molecular Biology, Cavendish 
Laboratory, Cambridge, England. 
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Cambridge, Mass. 
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A Chemical Abnormality in Haemoglobin G 


INGRAM and Hunt!- reported that normal human 
hemoglobin (haemoglobin A) differs from certain of 
the abnormal human hwmogiobins by a single amino- 
acid in the primary structure of the $6-chains of the 
globin of these proteins. The peptides from a tryptic 
digest of haemoglobin A and haemoglobin S) were 
visibly identical except for one peptide (peptide 4) in 
which a glutamyl residue in) hemoglobin A was 
replaced by a valyl residue in haemoglobin S. We have 
isolated an abnormal peptide in haemoglobin G4 and 
have compared it to similar peptides obtained from 
By amino-acid analysis and 
hiemo- 


hemoglobins A and S. 
sequence determinations, it is evident that 
globin G possesses an abnormal amino-acid in’ the 
tryptic peptide number 4 of Ingram. The sequences 
determined for the tryptic peptides from  haemo- 
A and @ are: 


Hemoglobin A: Val. His. Leu. Thr. Pro Glu.Glu. Lys, 
G@: Val. His. Leu.Thr. Pro.Glu Gly. Lys, 


globins 


It is apparent that a somewhat different sequence 
was obtained for the haemoglobin A peptide than 
previously reported. Only one leucyl 
present in’ these peptides and a glyeyl residue in 
hemoglobin @ replaces a glutamyl residue in hiemo- 
globin A. Although peptide 4 from haemoglobin S 
also contained only one residue cach of leucine and 
glutamic acid and an additional residue of valine, the 
exact sequence has not yet been determined, 

Hiemoglobin GQ was obtained from an individual 
(pedigree number [L-7) who was shown by Schwartz 
et al.4 to possess only haemoglobin G; haemoglobin WS 
was obtained from a patient having sickle cell anwmia; 
hemoglobin A was obtained from one of us (H.C.S.). 
The hiwmoglobins were prepared from washed red 
cells and digested with trypsin in a similar manner to 
that reported by Ingrams. The soluble peptides were 
examined by both the two-dimensional  clectro- 
phoresis-chromatography techniques and by one- 
dimensional electrophoresis on Whatman 34/747 paper. 

By both of these techniques hemoglobin @ differed 
from hemoglobin A in only one peptide. The single 
abnormal peptide of both hremoglobin G and hiamo- 
globin S and the corresponding peptide of haemoglobin 
A were obtained from preparative clectrophoreto- 
grams by clution of the appropriate bands. ‘These 
peptides were further purified by one-dimensional 
paper chromatography in butanol-acetic acid-water 
(200 : 30:75). Hach purified peptide was then 
hydrolysed in vacuo in 6 N hydrochloric for 24 hr. 
Amino-acid analyses of these hydrolysates were per- 
formed with an automatic amino-acid analyser® and 
are shown in Table 1.) These peptides possess a 
composition similar to that of trypsin peptide 4, but 
contain only one leucyl residue. Also, hamoglobin G, 
like hemoglobin S, contains one less glutamyl! residue 


residue is 
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than hemoglobin A. However, the hemoglobin G 
peptide contains one glycy] residue and is distinguished 
from the haemoglobin S peptide in that it contains 
only one valyl residue. 

Table 2 summarizes the sequence analysis made 
on the hemoglobin G peptide. Only the phenyl- 
thiohydantoin of valine was found on N-terminal 
analysis? and it behaved exactly like the synthetic 
compound on paper chromatography in three different 
solvent systems. Leucine aminopeptidase® liberated 
equivalent quantities of valine, histidine, and leucine, 
and a lesser amount of threonine. On the basis of the 
specificity of the aminopeptidase * 1° threonine is in 
position number four in the peptide and proline at 
position number five. Only the sequence shown is 
compatible with the several peptides obtained after 
papain digestion. 


Table 1. AMINO-ACID ANALYSIS OF TRYPTIC VPEIFTIDE 4 OF 
HA&MOGLOBINS A, S AND @ 
Amino-acid Hb-A Hb-S Hib-@ 
moles per mole of peptide 
Lysine 1-0 1-1 1-1 
Histidine 0-9 1-0 0-9 
Threonine 0-9 1-0 1-0 
Glutamic acid 1-9 1-1 1-0 
Proline 1-0 1-1 1-0 
Glycine 0 0 if 
Valine 1-0 1:7 0-8 
Leucine 1-2 1-1 1-0 
Table 2. SEQUENCE ANALYSIS OF HB-G@ TRYPTIC PEPTIDE 4 
Method 


Result 
PITC* I 
LAPT 

Papain Peptide 3 
Papain Peptide 1 
Papain Peptide 2 
Papain Peptide 4 
Papain Peptide 5 
Papain Peptide 6 
Sequence 


Val 
Val, His,Leu,(Thr) 
Val, His 
Leu, Thr, Pro,Glu,Gly, Lys 
Gly, Lys 
Leu, Thr,Pro,Glu 
Thr,Pro,Glu 
Glu, Gly 
Val. His. Leu. Thr. Pro.Glu.Gly. Lys 
*PITC  phenylisothiocyanate procedure’, 
TLeucine aminopeptidase degradation, 


A similar sequence analysis of tryptic peptide 4 
of hemoglobin A has been made by isolation of the 
phenylthiohydantoin of valine and the action of 
leucine aminopeptidase and papain. The results estab- 
lish the sequence shown above. 

From these results it is clear that haemoglobin @ 
used in this study is definitely an abnormal hiamo- 
globin which is chemically distinct from haemoglobin 
S. It cannot, however, be determined whether the 
haemoglobin G@ used in this study is identical with that 
of Eddington et al.1! It is also evident that hamo- 
globin @ possesses an abnormality in sequence at a 
different position but adjacent to that of hamoglobins 
S and C, accepting the sequence recently reported 
by Hunt and Ingram (preceding communication) 
for each of these as: 


Hemoglobin S: Val. His.Leu.Thr.Pro.Val.Glu. Lys. 
CC: Val. tis. Leu.Thr. Pro. Lys.Glu. Lys. 


On the basis of genetic evidence, it is probable that, 
the genes for hawmoglobins C and S are alleles!2, 
whereas it has been proposed that hemoglobins S 
and G are produced by genes which are not alleles. 4 
This genetic evidence and the work presented here 
would suggest that more than one gene controls the 
sequence of the B-chain of hamoglobin. If, however, 
a gene is defined as the unit which controls the 
synthesis of an entire peptide, for example, the 6- 
chain, then the mutations seen in hamoglobins S and 
G must reside at different parts of this unit. Work 


now in progress on the chemical evaluation of the 
hemoglobins in the members of the family described 
by Schwartz, et al.4, should help answer these ques- 
tions as well as provide useful information on the 
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genetic control of the primary structure of the 
hemoglobins. 

Another feature of interest in this study is the 
relationship between the trypsin peptides containing 
the sequence abnormalities and their position in the 
whole hemoglobin molecule. The work of Schroeder 
et al.\3, indicates that the N-terminal sequence of 
the #-chains of haemoglobin is Val.His.Leu. From 
the identity of the first three residues in the peptides 
of the above hemoglobins and the 6-chain it is 
tempting to suggest that the tryptic peptides studied 
in this investigation, and by Ingram, occupy tlie 
N-terminal end of the §-chains. If this is the case, 
it might now be possible to evaluate how differences 
in the sequence of amino-acids effect changes in tho 
physical behaviour of the abnormal hemoglobin 
molecules. 

It is a pleasure to acknowledge the encouragement 
and interest shown by Dr. Emil L. Smith and the 
other members of this laboratory in this work. It 
is also a pleasure to acknowledge the courtesy of 
Drs. Hunt and Ingram for allowing us to read their 
manuscript prior to publication. Hzmoglobin (/ 
samples were kindly furnished by Dr. 8. F. Kaufman 
and the hemoglobin S by Dr. Janet Watson. This 
study was supported in part by grants from the 
National Institutes of Health, U.S. Public Health 
Service. One of us (H.C.S.) is a Postdoctoral Re- 
search Fellow, National Heart Institute, U.S. Public 
Health Service. 
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RADIOBIOLOGY 
Absorption of Zinc Phosphide Particles 


ALTHOUGH human poisoning by the rodenticide zinc 
phosphide is said to be fairly common in the Far Kast 
there are only four cases described in the medic:l 
literature and of these only one had fatal outcome!’ 
From these cases it appears that death may occur in 
one of two ways, either within a few hours of ingestion 
or as a result of liver damage several days later. Wo 
recently investigated a case in which the clinical and 
chemical evidence suggested poisoning of the lattcr 
type. The outstanding feature was the liberation of 
about a microgram of phosphine at room temperature 
from 20-gm. samples of liver and kidney aft:r 
acidification of the tissue. Detection and identific:- 
tion of the phosphine were by the method of Curry, 
Rutter and Lim Chin-Hua’. The findings indicated 
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thal zine phosphide was present in these organs and 
at ‘irst sight it was difficult to visualize the mechanism 
an route of absorption of this poison from the ali- 
mentary tract. 

it seemed possible, however, that because of the 
very small size of some of the particles of commercially 
avilable zine phosphide (less than 0:1.) these particles 
mit pass through the intestinal wall into the blood 
stream. We observed that in aqueous suspension in 
the presence of fat or oil the particles are preferentially 
absorbed on to the surface of the fat or oil and despite 
the r high density can even be made to float. When 
zin’ phosphide is added to a commercially available 
evaporated milk the particles are held indefinitely 
in \ine suspension by the fat globules and we used 
such) a suspension to feed the poison to rats and 
guinea pigs. In dilute acid, zine phosphide rapidly 
liberates phosphine and we showed by experiments on 
rats that when these animals were fed a dose of zinc 
phosphide in excess of the LD50 then, if death 
resulted, it occurred rapidly and moreover phosphine 
was detectable in the liver. In lower doses, when the 
aniinals were killed more than 24 hours after ingestion, 
no phosphine was detectable in the liver, but on 
adding acid to this tissue, however, a very faint 
brown stain was obtained when the gases were passed 
through a filter paper soaked in methanolic silver 
nitrate. Such small quantities were present that it was 
not. possible to obtain confirmatory reduced phos- 
phomolybdate blue colour. We therefore attempted to 
demonstrate particles of zinc phosphide in the liver of 
poisoned rats in three ways: (a) by histological 
examination, staining for zine, (b) by concentration 
and examination for sub-microscopic particles using 
electron microscopy and an electron diffraction 
examination of the particles; (c) by using radioactive 
zine phosphide so that increased sensitivity of detection 
was obtained. 

We wish to report here only the results of the work 
using zine phosphide labelled with phosphorus-32 
since these provided excellent evidence for the presence 
of phosphide in the livers of poisoned rats. 

\(Omgm. aliquots of irradiated commercial zine 
phosphide each having a phosphorus activity of 
Sime. were fed in suspension to 6, approximately 
250 ¢m., rats. One rat (RA/2) died less than 20 hours 
after ingestion; another (RA/1) about 22 hours after 
investion while rats RA/3, 4, 5, and 6 were killed by 
coal gas 26 hours after ingestion of the poison. The 
livers from rats RA/2 and RA/L were analysed 
separately; those from rats RA/3, 4, 5 and 6 were 
combined before analysis. 


Table 1. @-RAY CoUNTS AT VARIOUS TIMES 


‘Time (hr.) 





0 } l 14 2 24 
Rat RA/2 6,500 5,500 3,200 1,200 500* 200 
Kat RA/IL 450 300% 600 200 
Kat RA/3, 4 36 32° 300 110 64 
Kat RA/3, 4, 5 and 6 (b)t 0 O* 153 63 21 


* Time at which acid was added, 
t Background $2 ¢.p.m, 
t Readings repeated, background 


1 ¢.p.m. 

Carbon dioxide was passed in the cold through 
suspensions of the cut-up livers in water and the 
resulting gases were passed through a filter paper 
soiked in silver nitrate which was changed at. half- 
hourly intervals. When the % counts from the silver 
phosphide were low, or absent, dilute mineral acid was 
added and the procedure was repeated. Table 1 shows 
the results that were obtained. 
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The increase in counts following acidification in 
rats RA/1 and RA/3, 4, 5 and 6 shows that phosphide 
is to be found in liver following its oral administration. 
Rat RA/2 obviously died from phosphine poisoning, 
Rat RA/1 had phosphine and phosphide present in its 
liver while the four other rats had recovered from the 
effects of phosphine and had none left in their livers 
but they had absorbed significant quantities of 
phosphide. 

Further experiments showed that the main urinary 
excretion product in these poisoned rats and guinea 
pigs was hypophosphite and that on histological 
examination their gastric and intestinal mucosze were 
intact. 

Because of their toxicological importance and the 
evidence for particle absorption we felt justified in 
publishing these preliminary observations. 

We should like to express our thanks to Dr. D. 
Stranks of the Department of Radiochemistry, 
University of Leeds, for his assistance. 

A. S. Curry 
D. K. Price 
KF. G. TryHorNn 
Home Office, 
Forensic Science Laboratory, 
(North Eastern Area), 
Haddon Lodge, 
32 Rutland Drive, 
Harrogate, Yorks. 
May 21. 
' Luciani, Pediatria, 56, 299 (1948) 


2 Simonovic, Arh. Hig. rada., 5, 355 (1954). 
3 Curry, Rutter and Lim Chin Hua, J. Pharm. Pharmacol, 10, 635 (1958), 


Enzymes and Radioactivity in Erythrocytes 
of Different Ages 

FRACTIONATION of erythrocytes of different ages by 
differential hamolysis is a useful approach to the 
study of enzymatic aspects of the maturation of the 
erythrocyte in the peripheral blood. Young red 
cells are thought to be resistant to osmotic haemolysis 
and older cells to be very fragile!. Recently Simon 
and ‘Topper? have shown by serial osmotic haymolysis 
that young erythrocytes have both frayile and 
resistant components. In the present paper the 
activities of glutamic oxaloacetic transaminase and 
lactic dehydrogenase have been related to red blood 
cells of various ages. 

Male Sherman strain rats were injected with either 
sulphur-35 amino-acids or ferrous—59 citrate to act 
as markers of the age of the red cells*, and were 
bled at various intervals after injection. After 
removal of plasma and buffy coat, erythrocytes were 
washed six times with buffered isotonic saline at 
room temperature. Serial osmotic haemolysis, some- 
what modified from the method quoted above’, 
was carried out by suspending the washed red cells 
in 0-9 per cent buffered saline, and removing a small 
aliquot to represent the whole population. The 
remainder of the suspension was centrifuged (600 g for 
3 min.) and the supernatant saved as the most 
fragile fraction. ‘The residual red cells were then 
re-suspended in 0-7 per cent buffered saline for 5 
min. followed by separation of the supernatant, 
which represented the next most fragile fraction. 
Surviving cells were successively cycled through 
solutions each more dilute than that preceding until 
hemolysis was complete. The last fraction obtained 
represents the most resistant cells. ‘The successive 
supernatants and the aliquot of whole hemolysate 
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were recentrifuged for 10 min. at 2500 g. These 
resultant supernatants were analysed for hemoglobin 
(optical density at 540 muy), activities of glutamic 
oxaloacetic transaminase and lactic dehydrogenase’, 
and for radioactivity. The activities in each fraction 
were expressed per mgm. of haemoglobin. The relative 
specific activity was calculated by dividing the 
specific activity of a substance in the fraction by the 
corresponding specific activity in the whole. 


Fig. 1 depicts the distribution of sulphur—35 
radioactivity in hwmolysate fractions at various 
intervals after injections. The vertical axis represents 
relative specific activity. The right-hand horizontal 
axis gives the interval after injection in days. The 
left-hand horizontal axis represents the order of 
fragility, with the most fragile to the left and the 
most resistant to the right; a probit scale is used to 
expand the extreme values of hawmolysis for better 
visualization, 


At one day, shown by the first plane, the bulk of 
radioactivity is in the most resistant 10 per cent at 
the right, and smaller quantities are in the most 
fragile 1 per cent at the left. At 4 days, the second 
plane, the right hand peek has started to shift to a 
less resistant area, and this continues so that at 10 
days, the third plane, and later, the most resistant 
erythrocytes, on the right, have little radioactivity. 
The peak of sulphur-35 radioactivity in the most 
fragile area, to the left, persists somewhat longer in 
hiemolysates. In other experiments, not 
here shown, haemoglobin of the hiamolysates was 


these 


purified by recrystallizing three times and removing 
exchangeable sulphur—35 with cysteine at alkaline pH 
and dialysing. With this purification the peak of 
radioactivity in the most fragile erythrocytes is 
clearly present at carly times, though somewhat 
diminished, and disappears more promptly than 
when hiemolysates are studied directly. At 60 days, 
represented by the next to the last 
plane, there are two peaks, one at 
0-5 and the other at 85 per cent 

It should be pointed 
neither of these 


haemolysis. 
out that 
coincides with those at the extreme 
ends associated with young cells. 


peaks 


The last plane shows the averaged 
distribution of activity of the two 
enzymes for ten experiments, This 
distribution is, of course, indepen- 
dent of the interval after injection 
of any radioactive markers. Highest 
glutamic oxaloacetic transaminase 
activity is present in the most 
resistant 20 per cent of erythrocytes, 
at the right, and in the most fragile 
1 per cent at the left. Lactic dehydro- 
genase is most active in the most 
fragile | per cent at the left. In the 
resistant fraction on the right it is 
enriched to a value of 1°75; some- 
what less than the enrichment found “ 
for glutamic oxaloacetic — trans- 
aminase in this area. Thus the 
peaks of enzyme activity at the two 
extremes correspond to the distri- 
bution of younger red blood cells 
depicted in the front planes. A 
similar correlation between enzyme 
and radioactivity marking young 


2 Simon, E. R 





Fig. 1. 
activity in hemolysates of rat erythrocytes of different ages. 
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cells was obtained with both rat and human erythro- 
cytes after radioactive iron administration. Only 
early intervals after injection were studied with this 
isotope. The present work demonstrates that older 
rat red cells are as inhomogeneous with respect to 
hemolytic susceptibility as are the young cells. 

The fact that hemolysis of very young ¢rythrocy tes 
was obtained in 0-9 and 0-7 per cent saline suggests 
that the phenomenon of fragile young erythrocytes 
may at least be partially explained by an increased 
mechanical fragility of these cells. 

Previous workers have amply demonstrated that 
reticulocytes and young erythrocytes contain a large 
complement of enzymes, some of which disappear on 
maturation®. The present results demonstrate 
that the young red cells, found in both the most 
fragile and most resistant fractions of hzemolysis, 
contain high orders of activity of the two enzymes 
studied here, GOT and LDH. 


Lester M. Levy 
Harry WALTER 
Martin D. Sass 


Radioisotope and Medical Services, 
Veterans Administration Hospital, 
Brooklyn, New York, June 29. 


1 Marks, P. A., and Johnson, A. B., J. Clin. Invest., 37, 1542 (1958). 

, and Topper, Y. J., Nature, 180, 1211 (1957). 

3This use of sulphur-35 amino-acids was validated in a group of rats 
by periodic bleedings. The resulting curve gave a mean survival- 
time of the erythrocyte as 55 days, consistent with other estimates; 
compare Berlin, N.I., Van Dyke, D. C., and Lotz, C., Proce. Soc. 
Exp, Biol, Med., 82, 287 (1953). Burwell, EK. L., Brickley, B. A., 
and Finch, C. A., Amer. J. Physiol., 172, 718 (1953). Belcher, 
KE. H., and Hariss, E. B., J. Physiol., 146, 217 (1959). 

4 Steinberg, D., and Ostrow, B. H., Proc. Soc. Harp. Biol. Med., 89, 
31 (1955). 

5 Hill, B., Cane. Res., 16, 460 (1956). 

© Borsook, H., Deasy, C. L., Haagen-Smit, A. J., Keighley, G., and 
Lowy, P. HL. J. Biol. Chem., 196, 669 (1952). Rubinstein, D., 
Ottolenghi, P., and Denstedt, P. F., Can. J. Biochem. Physiol. 
34, 222 (1956). Marks, P. A., Johnson, A. B., and Hirschberg, 
K., Proc. US. Nat. Acad. Sci., 44, 525 (1958). 
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PHYSIOLOGY 


esponses to Localized Distension of the 
Oesophagus in Decerebrate Sheep 


if reflex nature of contractions of the oesophagus 
stimulated by oesophageal stretch has been described 
in) number of species. In our experiments in addition 
to the oesophageal responses to distension of itself the 
effects on parotid salivary secretion, reticulum and 
runch movements have been examined in decerebrate 
preparations of sheep. The distension was delivered 
and the responses to it recorded from balloons intro- 
duced through the mouth or through an incision in the 
mid-cervical oesophagus into the lower cervical or 
thoracic regions of the oesophagus. In three experi- 
ments On preparations anaesthetized with pento- 
barhitone sodium after decerebration the thorax was 
opened and the responses of the thoracic oesophagus 
observed directly. The effects of oesophageal distension 
on the reticulum, rumen and salivary responses were 
judved by its modification of previously established 
reflex responses of these structures.!2 
‘The balloons 2 


were 2-3 long and were 
distended to diameters up to 2-3 em. with air. When 
retained in the same position moderate distension of 
such a balloon evoked a series of contractions of the 


used em. 


frequency up to 
which oesophageal 
contractions were not observed. If the balloon was 
left free to move it was delivered, after its distension, 
by a series of contractions into the reticulo-rumen, 


increased = in 
beyond 


These 
distension 


oesophagus. 


dey rees of 


The contractions were not accompanied by bueco- 
pharyngeal or upper cervical ocsophageal movements 
of swallowing. ‘The responses of the oesophagus to 
distension of itself were not after the 
intravenous administration of d-tubocurarine chloride 
(Ob mypm./kem.), decamethonium iodide (0°5-0:75 
mgi./kgm.) or after the vagus nerves were cut in the 
neck. They persisted after the administration of 
atropine sulphate (1 mgm./kgm.). Contractions of the 
oesophagus evoked by stimulation of the peripheral 
end of a vagus nerve cut in the neck similarly persisted 
after the administration of atropine but were not 
obtained after d-tubocurarine or decamethonium had 
given, Striated identified in the 
regions of the oesophagus the responses of which were 
studied. 

The effeets of oesophageal distension on parotid 
salivary secretion, reticulum and rumen contractions 
varicd according to its degree and the region stimu- 
lated. Moderate distension, particularly of the first 
23 em. and of the last 2-3 em., of the thoracic 
oesophagus was frequently followed) by increased 
parotid salivary secretion and by the initiation, or if 
already present, by an increase in the frequency, of 
reticulum and rumen contractions. Greater degrees of 
inhibited previously established parotid 
sulivary, reticulum and rumen responses. ‘The most 
eflicacious stimulus was the distension of a balloon 
in the lower part of the cervical oesophagus when it 
was left free to be moved by the oesophageal contrac- 
tions into the stomach. With balloons held in the one 
position the greatest effects were obtained from 
distension of the last 2-3 em. of the thoracic oeso- 
Phizus, similar but weaker responses were evoked 
from stimulation of first 2-3 em. of the thoracic 
oesophagus. The effects were obtained after oeso- 
Phageal contractions were annulled with d-tubo- 
Curarine. Less regularly similar but weaker responses 


observed 


been muscle was 


distension 
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were evoked from intermediate regions of the thoracic 
oesophagus and from the lower 2-3 em. of the cervical 
oesophagus. 

Reticulum stretch alone or combined with that of the 
reticulo-rumenal orifice modified the oesophageal con- 
tractions stimulated by distension of itself. The 
effects varied from an absolute inhibition to a tem- 
porary cessation of oesophageal contractions during 
each contraction of the reticulum and rumen stimu- 
lated by stretch of the reticulum and reticulo-rumenal 
orifice. In four experiments distension of a balloon in 
the reticulum led to an increased frequency of the 
contractions of the most caudal regions of the 
thoracic oes*phagus. 

These results suggest that the two functionally 
distinet regions of the thoracic oesophagus charac- 
terised as sphincters by Dougherty and Meredith’ 
from cinefluorographic observations may be particu- 
larly significant from a sensory point of view, and also 
add to the evidence which suggests that the activity 
of the oesophagus in ruminants may be modified by 
conditions or activity in the stomach?*>. 

This work was undertaken during the tenure by one 
of us (A.F.S.) of a Guggenheim Fellowship. 


A. F. SELLERS 
Division of Veterinary Physiology 
and Pharmacology, 
University of Minnesota, 
St. Paul 1, Minnesota. 
D. A. TircHeN 
Physiological Laboratory, 
University of Cambridge. 
June 2. 
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Curative Effect of Selenium Upon the Incisor 
. Teeth of Rats deficient in Vitamin E 
Tue original description of the protective action of 


the exudative diathesis in chicks on 
Schwarz et al.! 


selenium against 
torula yeast diets was given by 
Following this significant finding, a good deal of 
research has been done on the possible vitamin KE 
properties of this element and Schwarz et al.’s findings 
were confirmed.2 Selenium was also found to be pro- 
tective against liver necrogenic dicts in rats3.4. It 
did not reverse the dialurie acid haemolysis test4 and 
was ineffective in preventing resorption gestation in 
ratss or in averting muscular dystrophy in rabbits, on 
vitamin E-free diets¢. The selenium was usually given 
as sodium selenite or selenate, selenious acid, or 
selenocystine. The levels used in the diets varied 
from 0-1 to 10 p.p.m,. selenium. 

A characteristic degeneration of the enamel organ 
and whitening of the normally orange-coloured incisor 
teeth of the rat occur in vitamin KE deficiency. 
Aterman?7 has recently reported that sodium selenite 
in a liver necrogenic diet at a level of 9 p.p.m. selenium 
and fed to weaning rats did not protect the incisor 
teeth against depigmentation, though it averted liver 
necrosis. 

[I have conducted experiments which show that 
selenium has a protective action upon the enamel 
organ and tooth pigment, but my methods differed 
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from those of Aterman. Rats weighing 50-60 gm. 
were put on to the diet previously employed* which 
consisted of 77-5 per cent potato starch, 20 per cent 
dried brewer’s yeast, and 2-5 per cent cod liver oil. 
On this diet marked histological changes in the 
incisal enamel organ and whitening of the teeth occur 
in 30 days and these changes are completely averted 
by «-tocopherol administration. Animals kept on this 
diet for as long as 120 days show consistently marked 
enamel organ degeneration and white teeth’. 

44 rats were put on this diet for 40 days, by which 
time all their upper incisor teeth were white. Six were 
then killed and the enamel organs examined histo- 
logically. All enamel organs showed extensive degener- 
ation and in all but one the ameloblasts were iron- 
free. This loss of iron occurs in vitamin E deficiency?, 
and its reappearance is the earliest sign of recovery 
after «-tocopherol administration. 18 rats were dosed 
with 3 mgm. of «-tocopherol daily (“Ephynal’, Roche) 
and 6 were killed 40, 60 or 80 days later. These all 
showed the reappearance of iron-staining granules in 
the ameloblasts and the recovery of the enamel organ 
as described®. At forty days all teeth were yellow at 
the gingival margin and they were uniformly orange 
by 80 days. Of the remaining 18 rats, 9 were put on 
to the basal diet to which sodium selenite had been 
added to a level of 0-3 p.p.m. selenium, and 9 on to the 
basal diet plus sodium selenite at a level of 0-9 p.p.m. 
selenium. The animals on 0-3 p.p.m. selenium grew 
as well as the vitamin-dosed animals, but 0-9 p.p.m. 
selenium retarded growth to some extent. 0-3 p.p.m. 
selenium was not as effective as 0-9 p.p.m. for tooth 
recovery. 3 animals on the 0-3 p.p.m. diet had after 
40 days teeth either completely yellow or yelluw un the 
upper half, and their enamel organs were recovering 
and had iron containing granules. This curative 
action of selenium was not kept up, and at 60 days 
the teeth were mottled yellow and the enamel organs 
had degenerated and by 80 days all teeth were white. 
On the 0-9 p.p.m. level of selenium, 5 rats at 40 days 
had recovered their incisal orange pigment in whole 
or in part. At 60 days 3 more rats showed pigment 
being replaced and at 90 days only 1 of the 3 remaining 
rats had white teeth. All the animals with pigment 
recovery had regenerating enamel organs and iron 
containing granules in their ameloblasts. 

It thus appears that while not as uniformly effective 
as «-tocopherol, selenium does have a significant role 
in curing the effects of vitamin E deficiency in the rat 
incisor tooth. Possibly the requisite level for this 
increases with age. 

J. T. Invinc* 


Joint Dental Research Unit of the 
Council for Scientific and Industrial Research 
and the University of the Witwatersrand, 
Milner Park, Johannesburg. 


* Present address: Forsyth Dental Infirmary, 140, 
The Fenway, Boston, 15. 


1 Schwarz, K., Bieri, J. G., Briggs, G. M., and Scott, M. L., Proc. Soc. 
Exp. Biol. N.Y ., 95, 621 (1957). 
2 Patterson, E. L., Milstrey, R., and Stokstad, E. L. R., Proc. Soc. Exp. 
Biol. N.Y., 95, 617 (1957). Reid, B. RE Rahman, M. M., Creech, 
B. G., and Coue h, J. R., Proc. Soc. Exp. Biol. N.Y., 97, 590 (1 958). 
Nesheim, M. C., and Scott, M. L., J. Nutrit., 65, 601 (1958). 
?Bunyan, J., Ed win, E. 


E., and Green, J., Nature, Lond., 181, 1801 


(1958). ‘Atermnan, x; MN ature, 182, 1514 (1958). 
oe = Sunde, M. L., and Baumann, C. A., J. Nutrit., 65, 397 


5 Harris, P. L., Ludwig, M. I., and Schwarz, K., Proc. Soc. Exp. Biol. 
bf ge 97, "686 (1958), 

6 Hove, E. L., Fry, G. S., and Schwarz, K., Proc. Soc. Exp. Biol. N.Y., 
98, 27 (1958). 

7 Aterman, K., Brit. J. Nutrit., 18, 38 (1959). 

8 Irving, 5. T., J. Dent. Res., 35, 930 (1956). 

9Irving, J. T., J. Dent. Res., 37, 732 (1958). 


NATURE 


August 22, 1959 vor. 184 


Subcutaneous Absorption of Urethane in 
Dehydrated and Fasted Mice 


THE absorption of the non-electrolyte urethane 
from subcutaneously injected solutions is depressed 
in mice treated with cestrogenic hormones in pharma- 
cological doses'. This is possibly due to the higher 
amount of connective tissue ground substance found 
in such animals when compared with controls. Both 
the hexosamine content and the concentration of 
water in the connective tissue is increase following 
treatment with cestrogen. To elucidate the influence 
of alterations in the content of hexosamine and the 
concentration of water on the absorption from sul- 
cutaneously injected solutions of a non-electrolyte, 
the following experiments were carried out. 

Absorption experiments were performed on mice 
(7-8 weeks) by injecting 0-30 ml./25 gm. of a 10 
per cent w/v urethane solution subcutaneously into 
the skin on the back. The absorption time was 
expressed as the time in seconds from the subcutan- 
eous injection until the animals could be laid on the 
side without resistance (light anzsthesia). Experi- 
ments were performed on controls and on two groups 
of pretreated animals. One group was fasted and 
another group was dehydrated. A full description 
of the dietary regimen used will be given by one of 
us?. Hvidberg found that the fasting method used 
here was followed by a 7:3 per cent reduction in the 
content of hexosamine in the subcutaneous con- 
nective tissue, while the water content was lowered 
by 12-5 per cent. The method of dehydration gave 
a similar reduction in the amount of connective 
tissue hexosamine (7-5 per cent), while the water 
content was reduced by about 33 per cent. The 
amount of water and hexosamine is calculated on 
the basis of the dry fat-free tissues. 

In the present experiments we found the absorp- 
tion to be accelerated to the same degree in both 
fasted and dehydrated mice compared to the figures 
found for normally fed controls (Table 1). When 
hyaluronidase was added to the injected solution of 
urethane (500 1.U./ml.) the absorption of the drug 
was enhanced to a statistically highly significant 
degree in all three groups of experimental animals 
(Table 2). When the absorption times in the three 
groups in Table 2 are compared, a nearly equal rate 
of absorption is found in all groups. The absorption 
time in the fasted mice with hyaluronidase is not 
statistically different from the controls. In the 
dehydrated group (Table 2) there is slight enhance- 
ment of the absorption when compared to controls 
(P>0-05), but no difference exists between the rate 
of absorption in dehydrated and fasted mice. 

The conclusion must be that both dehydration and 
fasting enhance the subcutaneous absorption of 
urethane to a high degree when compared to controls 
(Table 1). When hyaluronidase is added to the 
injected solution this difference between the experi- 
mental groups and controls is eliminated (Table 2). 
Therefore we believe that the enhanced absorption 
is due to a reduction of the hyaluronic acid content 
in the connective tissue ground substance, which 
shows itself by the above lowering in the amount of 
hexosamine. This seems to be confirmed by the 
equal enhancement of the absorption in dehydrated 
and fasted mice (Table 1) in which the amount of 
hexosamine is reduced to the same degree. A possible 
influence of the water content of the connective tissue 
on the subcutaneous absorption of urethane is not 
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likely because of the great differences in the con- 
cenirations of water in the connective tissue from 
deh. drated and fasted mice, while the rate of ab- 
sorption is equal in both groups. 

Tab]: 1. ‘TIME (SEC.) FROM THE INJECTION OF A 10 PER CENT URETHANE 


SOLU i10N SUBCUTANEOUSLY TO MALE MICE (0-30 ml./25 gm.) UNTIL 
THE NIMALS COULD BE LAID ON THE SIDE WITHOUT RESISTANCE 


No. of Standard 
Pre- experi- Mean error of a 
t catment ments mean 
Co: trols 20 1110 +75 _ 
Fa-tec 15 650 +81 <0-001 
De iydrated 19 630 +64 <0-001 
Table 2.—TIME (SEC.) FROM THE INJECTION OF A 10 PER CENT URETHANE 


SOLUTION CONTAINING 500 iu. HYALURONIDASE/ML. SUBCUTANEOUSLY 
TO MALE MICE (0°30 ml./25 gm.) UNTIL THE ANIMALS COULD BE LAID 
ONT SIDE WITHOUT RESISTANCE 





No. of Standard 
Pre- experi- Mean error of P 

treatment ments mean 

Controls 21 435* +31 — 

Fasted 16 390T +33 >0-1 

Dehydrated 17 350* +33 >0-05 
*Signiticant different from the corresponding figures in Table 1 accor- 
ding to P <0-001. 
Significant different from the corresponding figures in Table 1 accor- 
ding to P <0-005. 


Dehydrated and fasted animals are in conditions 
of stress. Cortisone given in pharmacological doses 
to mice is followed by an enhanced absorption of 
urethane? while the concentration of hexosamine in 
the connective tissue is unaltered when compared 
to controls*+. However, it is not likely that the 
enhanced absorption in dehydrated and fasted mice 
is due to a rise in the production of adrenocorti- 
costeroids. The absorption-enhancing effect of 
cortisone is still pronouned when experiments are 
performed with solutions containing hyaluronidase, 
while dehydrated and fasted animals absorb ure- 
thane as normal animals when the injected solutions 
contain hyaluronidase. While the explanation of 
the absorption-enhancing effect of cortisone is 
possibly a reduced self-depression of the subcutaneous 
absorption$s,6, the enhanced absorption in dehydrated 
and fasted animals is more likely produced by the 
above alterations in the amount of connective tissue 
ground substance. The concentration of water in 
the connective tissue seems of less or no importance 
for the rate of subcutaneous absorption of a non- 
electrolyte such as urethane. 

Erc1tt HvmBEera 
JENS ScHOU 
Department of Pharmacology, 
20, Juliane Maries Vej, 
University of Copenhagen. 
1 Hvidberg, E. and J. Schou, Acta Pharmacol. Tozxicol., 15, 207 (1959). 
* Hvidberg, E., Acta Pharmacol. Toxicol. (in the press). 
3 Cooper, pC. A. Schmidt and J. Schou, Acta Pharmacol. Tozicol., 
: Ss ade A Kine Pharmacol. Toxicol., 14, 250 (1958). 
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In Vitro Study of the Anthelminthic Property 
cf Artemesia monosperma grown in Egypt 
‘HE various species of the genus Artemesia have 

been subjected to pharmacological investigation for 

the purpose of ascertaining their useful application as 
therapeutic agents. As there was no mention in the 
literature to the physiological activity of the santonin- 
fre . Artemesia monosperma, Del.}, it was deemed of 
Intcrest to investigate this common Egyptian desert 
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plant for any possible anthelminthic properties. It 
was decided that investigations should be made in 
vitro to determine the effects of some preparations of 
the plant on both Ascaris and the intestine, and to 
show whether it possesses a vermicidal or vermifugal 
property. 

Ascaris leonina and strips of the small intestine 
were carefully taken from freshly killed but infected 
dogs and kept in Tyrode’s solution. The intestinal 
strips, each about 1 in. long, were suspended in 
oxygenated Tyrode’s solution at a constant tempera- 
ture of 38°C., using a glass jar bath with an inner 
vessel of 50 ml. capacity. The same technique was 
also applied to the Ascaris using either the whole 
worm or its upper part. After recording the normal 
movements of the intestine and Ascaris on a smoked 
drum-paper, the effect of different doses of alcoholic 
and watery extracts of Artemesia monosperma was 
tested by the addition of their solutions to the organ 
bath. 

The results obtained showed that both extracts 
produced inhibition of the intestinal motility and 
stimulation of the movements of the parasite. The 
effect became obvious and more pronounced as the 
concentration of these preparations was increased. 
When comparison was made between the effective 
doses of these two extracts, it was noticed that the 
watery extract was more potent than the alcoholic 
extract. 

Thus it is concluded that although the drug would 
appear to be non-lethal to the Ascarids, it is obnoxious 
to them and stimulates the musculature causing exces- 
sive and acute movements. Such movements may 
relinquish their hold on the intestinal mucosa so that 
they are easily. expelled by a subsequent purgative. 
Moreover, the inhibition of the intestinal motility 
demands the administration of a purgative, and thus 
helps the expulsion of the already over-stimulated 
moving parasites from the intestines. 

From this investigation it seems possible that 
Artemesia monosperma possesses highly anthelmintic 
properties. It is recommended, therefore, to be given 
in the form of a watery extract, followed after an 
interval of an hour by a purge which will expel the 
excited parasites from the intestines. 

A. SHARAF 
Z. F. AHMED 
F. ABpEL MONEIM 


Pharmacology and Drug Research Unit, 
National Research Centre, 
Dokki, Egypt. 


1 Fahmy, I. R., Ahmed, Z. F., and Abdel Moneim, F. (in the press). 


Potassium and Lactose in Milk in Relation to 
the Physiology of Milk Secretion 


IN a previous communication,! we reported the 
interrelationships of the concentration of sodium, 
potassium, lactose and water in samples of milk taken 
at intervals over a period of three months from short- 
horn cows in mid-lactation. It was shown that the 
water of milk can be represented as a two-phase 
system: in one phase, referred to as the sodium-lactose 
phase, potassium is absent and sodium and lactose 
vary inversely; in the other, referred to as the sodium- 
potassium phase, lactose is absent and sodium and 
potassium vary inversely. The relative proportions 
of the two phases were calculated to be, on average, 
about 2-5 : 1-0, but it was not possible to deduce from 
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contents of the milks of heifers in early or mid-lactation and free 
from infections of the udder. The line is y=8-93—0-01912, (P 
<0-001), standard error of estimate, + 0-16 


information then available whether, and to what 
extent, the relative proportions of the two phases 
varied from animal to animal, or within the milk of 
an individual animal from time to time. 

In continuation of these experimental studies, 
analyses are now being made of samples of the milk 
of six Friesian heifers at frequent intervals throughout 
their whole lactation. A feature of the results has been 
the constancy of the potassium content of the milk of 
the individual animals throughout the first 4-5 months 
of lactation, even during the period of transition from 
colostrum to normal milk when the changes in other 
constituents were large. The mean potassium content 
(mgm./100 gm.), with its standard error, for the milk 
of each of the six heifers, based on analyses of samples 
of milk collected on twenty separate occasions 
throughout the first four months ‘of lactation, was 
156-3+0-9, 157-84-1:4, 159-6+0-8, 163-7+1-3, 
168-8 +1-2 and 174-9+.1-3. Thus, the potassium con- 
tent of milk appears to be individually characteristic 
in healthy heifers during the period of full lactation. 
The lactose contents of the milks showed marked 
increases during the first two to three weeks of lacta- 
tion, but in the succeeding three to four months the 
values for each animal showed a constancy similar to 
that observed with potassium, 

Analyses of the milk of a large number of other 
healthy heifers in mid-lactation have given potassium 
eontents ranging from 140 to 200 mgm./100 gm. of 
and a close inverse relationship between the 


é 





milk 
potassium and lactose contents of the milks has been 
found (Fig. 1). Previous studies2.3 of variations in the 
potassium and lactose contents of milk have been 
based on analyses of milk samples obtained from 
animals varying widely in age and stage of lactation, 
or on comparisons of the composition of the milk 
from the separate quarters of the udder of cows 
infected with mastitis: the data showed a direct 
relationship between the concentrations of potassium 
and lactose in milk. With increasing age, advanced 
lactation and infections of the udder, the potassium 
and lactose contents of milk decrease and the content 
of sodium increases, due, it is thought, to a dilution 
of milk with a transudate of blood plasma. In these 
earlier studies, variations in composition arising as a 
result of this dilution have been of such a magnitude 
that the inverse relationship between potassium and 
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lactose now observed has been masked. 

The present observations with healthy heifers in 
mid-lactation, showing the constancy of potassium 
and lactose concentrations in the milk of individual 
animals and the inverse relationship between the 
values for potassium and lactose obtained with 
different animals, suggest that the ratio, of the two 
hypothetical water phases in milk is fairly constant 
for an individual animal, but varies considerably from 
animal to anirnal. 

The concept of the water of milk arising in two 
ways is now seen to be consistent with the mechanism4 
for the formation of milk within the cells that line 
the alveoli of the udder. The sodium-potassium phase 
corresponds to typical intracellular fluid and the 
sodium-lactose phase would arise by the synthesis 
within the cell of lactose, together with proteins and 
fat, coupled with the movement of water into the cell 
to maintain osmotic equilibrium. The way in which 
the cell contents are expelled into the lumina of the 
alveolus has yet to be established, but it is reasonable 
to suppose that at the moment of expulsion the ratio 
of intracellular to secretory fluid will be fairly constant 
in any individual animal, and yet vary from animal to 
animal; an explanation of the constancy of the 
potassium content of the milk of an individual animal 
and of its variation between animals is thus afforded. 

The fuller implications of these observations, which 
include the probability that the rate of synthesis of 
lactose may determine the rate of milk secretion, will 
be discussed elsewhere. 

We wish to thank Dr. 8. J. Rowland for his interest 
in this work and for his helpful advice and criticism. 


J. A. F. Roox 
Marian Woop 
Chemistry Department, 
National Institute for Research in Dairying, 
Shinfield, near Reading. 
1 Rook, J. A. F., and Wood, M., Nature, 181, 1284 (1958). 
2 Barry, J. M., and Rowland, 8. J., Biochem., J. 54, 575 (1958). 


3 Black, A., and Voris, L., J. agric. Res., 48, 1025 (1934). 
4 Richardson, K. C., Brit. Med. Bull., 5, 1099 (1947). 


BIOLOGY 


A New Technique for Isolating and Cloning 
Cells of Higher Plants 


It has recently been shown by several authors’ 
that plant tissue cultures grown in liquid media are 
composed of a population of single cells and small cell 
clusters. Such cultures represent an excellent source 
of large numbers of single cells and would be very 
useful for several types of experiments if the sinyle 
cells could easily be isolated and grown. 

Studies in this direction were made with 
tissue cultures of Nicotiana tabacum L. var. Samsun 
and Phaseolus vulgaris L. var. Early Golden Cluster. 
The tissues were grown in 250-ml. Erlenmeyer flasks 
on a shaker (120 r.p.m.) in 100 ml. of White’s medium? 
supplemented with 7 per cent coconut milk and 
0-5 p.p.m. 2,4-dichlorphenoxyacetic acid. It 
found that it was possible to obtain suspensions of 
uninjured cells by successive filtration of the frecly 
suspended content of the shaker flasks through fine 
gauze (width of mesh, 0-3 and 0-1 mm.) under sterile 
conditions. More than 90 per cent of the cells present 
in the filtrate consisted of single cells. The remainder 
was composed of cells that had divided into two 
daughter cells just prior to filtration or of two small 
cells which were attached to each other. 
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To isolate the single cells from the suspensions the 
following plating method was used. The filtrated cell 
suspensions were mixed with melted White’s agar 
medium (0-6 per cent), supplemented as indicated 
above, and plated in Petri dishes or they were plated 
on tre top of an agar layer in the dishes. The dishes 
sealed with rubber bands to prevent desiccation 


wert 
and infection. They were maintained at a constant 
temperature of 22°C. in diffuse light. By making 


the agar layer about 1 mm. thick, the cells could 





Fig. 1. Diagrammatic drawings, from time-lapse photographs, 
showing the formation of a cell cluster from an isolated tobacco 
cell. The pictures were taken after 24, 48, 72, 75, 82, 96 and 120 hr. 


easily be observed through the bottom of the dishes 
at low magnification (x 100) with an _ inverted 
microscope. 

Microscopie examination showed that cells of 
NV. tabacum and P. vulgaris isolated in this way were 
alive, that they exhibited an active protoplasmic 
streaming, and that the first cell divisions occurred 
2-4 days after plating. Within 4 weeks about 20 per 
cent of the single cells had established small tissue 
clones which could be isolated and grown further. By 
means of continuous observation, cell divisions and 
the development of cell clusters from single cells 
could be followed. Fig. 1 shows, for example, some 
stages in the development of a cell cluster from a 
thread-like tobacco cell. As can be seen from Fig. 1, 
the cell cluster was built up by repeated divisions 
and growth of the original cell. 

The results of the experiments presented above 
demonstrate that it is possible to grow tissue clones 
from isolated single plant cells without the presence 
of a ‘nurse tissue’. The described technique has the 
further advantage of a greater technical simplicity 
compared with the nurse-tissue method used by Muir, 
Hildebrandt and Riker?,® for the growth of single cell 
clones, and the arrangement used by Torrey® for the 
cultivation and microscopic examination of isolated 
cells. Full details of this report will be published 
elsewhere. 
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1 Steward, F. C., and Shantz, E. M.,in ‘‘The Chemistry and Mode of 
Action of Plant Growth Substances’, edit. by Wain, R. L., and 
Wightman, F. (Butterworths Scientific Publications, London,, 
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2 Nickell, L. G., Proce. U.S. Nat. Acad. Sci., 42, 848 (1956). 

* Muir, W. H., Hildebrandt, A. C., and Riker, A. J., Amer. J. Bot., 
45, 589 (195s). 

* Steward, F. C., Mapes, M. O., and Smith, J., Amer. J. Bot., 45, 693 
(1958). 

5 Bergmann, L., Naturwiss., 46, 20 (1959). 

5 White, P. R., “The Cultivation of Animal and Plant Cells” (The 
Ronald Press Co., New York, 1954). 
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(1954). 


5 Torrey, J. G., Proc. U.S. Nat. Acad. Sci., 43, 887 (1957). 


Diffusion of a New Habit among Greenfinches 


Many readers of Nature have taken part in a 
co-operative study of an apparently new feeding 
habit', about which there are now some fairly clear- 
cut conclusions. Two or more greenfinches (Chloris 
chloris lL.) will fly some distance to the garden shrub 
Daphne mezereum L., usually in June, to devour 
every one of its hundreds of large seeds in a strikingly 
avid and fearless manner. Green and immature fruits 
are preferred, when the stone of these drupe fruits is 
not quite so hard. Once a garden has been visited 
in this way, there is a 95 per cent chance that it will 
continue to be visited regularly and without inter- 
mission. 

Bushes in urban gardens are more subject to this 
despoilation than those in rural gardens-(P < 0-01). 
In the south of England the phenomenon is of much 
more recent occurrence than further north (P < 0-01). 
Indeed, it seems not unlikely that the habit may have 
originated in some Pennine industrial settlement in 
the eighteenth or early nineteenth century. At any 
rate, according to present data, by 1900 the habit 
extended only from Selkirk to south Lancashire. By 
1930 it extended from Perth to London. And by 
1945 its distribution had increased to as far as Inver- 
ness in the north, to Deal in Kent, to Ashburton in 
Devon, as well as to Dublin and Belfast. Since 1925 
the number of gardens affected has apparently been 
doubling every six years. The two vice-counties 
where the incidence is at present greatest are the 
London ones of Middlesex and south Essex. 

Despite extensive inquiries, only negative reports 
have been received from continental Europe. The 
habit seems to have originated in this off-shore island, 
and—rather like the melanism in some moths—it 
may be an indirect consequence of industrial develop- 
ment and urbanization. In view of its apparent 
absence from the Continent, and of the fairly slow 
and orderly spread of this habit in the British Isles, 
the hypothesis arises that the increase may be solely 
due to cultural diffusion, following a discovery by a 
single greenfinch, some one to two centuries ago. 
The possibility is not inconsistent with the general 
biology of the greenfinch®, though it can in no way 
be regarded as proved. Certainly the overwhelmingly 
greater number of fresh despoliations to-day will be 
due to diffusion rather than to independent dis- 
covery®. Calculations suggest that the new habit may 
already have been carried from Britain to the main- 
land. In several gardens, in France, for example, 
Daphne bushes mey be being stripped already. The 
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first reports of this arrival, perhaps in the 1960's, 
will be of interest. 


Curiously onough, an exactly similar habit of 


dospoliation has now boon reported from New Zoa- 
land’, whore both species have been introduced. 
Rotrospoctive inquiry may bo ablo to suggost whethor 
porhaps somo north British sottlor holped to introduce 
the habit as well. 

Max PETTERSSON 
Brunel College of Tochnology, London, W.3. 


* Pettersson, M. L. R., Nature, 177, 700 (1956). 

* Boyd, A. W., Brit. Birds, 24, 3820 (1030). Witherby, HL. F., 
“The Handbook of British Birds’ (London, 1040). 

*Visher, J., and Hinde, R. A., Brit. Birds, 42, 347 (1049). 

* Sutherland, K., Otago Daily Times (Keb. 6, 1958). 
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An Unusual Breeding Habitat of the Linnet 

ConrRARY to the normal habits of the linnet 
(Acanthis cannabina) this species has been found 
nosting annually in clumps of rushes (Jancis effusus) 
ona hill pasture in north-east Cheshire, grid reference 
SJ 956925. Tho rush sites are apparently chosen in 
proference to moro normal sites of which there is no 
shortage. ‘Theo habit has so far not been observed 
elsowhere in the district and would appear to be 
unusual anywhere, 

Tho pasture is situated ona foothill of the Ponnines 
and facos north-west, sloping from: 700 to 800 ft. above 
About 12 aeros in area, it provides: rough 
It is very wet in parts with much 


sea-level, 
grazing for cattle, 
rush. 
gorse and there aro several hawthorn trees at the 
lower ond, 
pasture together with some meadow and arable land. 

The linnet is) a common breeding bird in the 
district, nesting usually in gorse but also in low, thin 
hedges of hawthorn and holly, particularly those 
bordering: lanes, 

The nests in the rush beds are usually placed near 
to the top ofa clump of rushes, although, in 1954, one 
nest was placed ina small tuft of grass on very wot 
ground. ‘Phe nests aro typical of the linnet oxcept 
that dried rush stems are used in tho base material. 

The first nest was found in 1952. 1t was deserted 
and contained two eyes of linnet and one of cuckoo 
(Cuculus canorus). ‘Tho pasture was next visited in 
1954 whon more nests were discovered built in clumps 
of rushes. Nests have been found each year since. 
There is no lack of moro normal sites even on the 
pasture itself, and the rush sites aro apparently chosen 
in preference to these, 

This year (1959) the first two pairs to breed nosted 
in rushes. ‘Those were followed by threo pairs which 
nested in gorse and a sixth pair which also nested ina 
clump of rushes, joth reed bunting (Mmberiza 
schoeniclus) and snipe (Capella gallinago) nest in close 
association with the linnets. ‘The nest and oges of the 
linnet are very conspicuous in this unusual habitat, 
whereas those of the reed bunting, in their natural 
habitat, are well camouflaged, 

While the linnet is known to nest in sea purslane 
and other tall maritime plants on salt marshes!, and 
in marram grass on the Norfolk coast®, the rush sites 
do not appear to have been deseribed before. In the 
Orknoy Islands, the linnet: has been found breeding 
on the ground in cultivated districts, in tall heather, 


and occasionally in reedy marshes", 
N. W. 
Royal ‘Technical Colloge, Salford, Lanes. 
’ Burton, J., (private communication), 
* Bannerman, PD. A. “TT 
Boyd, 1053). 
* Lack, D., Zbis, 6 (1042), 
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“The Birds of the British Isles’, vol, 1 (Oliver and 


On the drier parts are seattered chumps of 


Tho surrounding land consists mainly of 
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HISTOLOGY 


Histochemical Study of Monoamine Oxidase 
in the Developing Rat Brain 


Tue activity of monoamine oxidase was |io- 
chomically determined in various portions of (ho 
brain's? and the strongest activity was reported to 
oceur in the hypothalamus. Shimizu, Morikawa and 
Okada® recently reported the exact histochemical 
distribution of this enzyme in the brain of adalt 
rodents using the tryptamine-tetrazolium method", 
According to our observation, the enzyme action 
occurred not only in the hypothalamus, interpedui- 
cular nucleus, habenular nucleus and tractus retro 
flexus of Meynert as other investigators4® stated, but 
also most strongly in the locus coeruleus and 
moderately in the dorsal nucleus of the vagus nerve, 
midline nuclear group of the thalamus, nuclous of the 
brachium conjunctivum, central grey matter, nucleus 
wnbiguus and area postrema. From the — histo- 
chemical result it is assumed that monoamine oxidase 
may bo involved in the metabolism of the visceral 
reyions of the brain rather than in tho exclusive 
participation in the function of adrenergic neurons. 

The present study was concerned with the develop 
montal changes of monoamine oxidase in’ the rat 
brain using histochemical means. Fresh frozen 
sections were obtained from the brain of rats at 
varying ages; footal ages of 15 and 20 days; newly 
born, 1, 3, 5, 7, 10, 14, 21 days, | and 2 months after 
birth; and adult. ‘The seetions were stained by the 
tryptamine-tetrazolium method of Glenner, Burtner 
and Brown’. As tetrazolium EN'T (2-p-iodophenyl-3-) 
nitrophonyl-5-phenyl tetrazolium chloride) was mainly 
used but nitro-blue tetrazolium was also occasionally 
used. 

At tho footal age of 15 days the enzyme action of the 
brain was almost negative oxcept for definite regions 
of the pons, which reacted faintly and probally 
corresponded to the locus coeruleus and its continua 
tion. On the fartal 20th day moderate to strong action 
occurred in the locus cocruleus (ig. 1), and a faint 
staining was present in the habenula, periventricular 
grey of the hypothalamus and nuclous ambiguus. tn 
the nowly born rat a slight initial action appeared in 
whole portions of the brain excepting the above- 
mentioned regions. ‘The locus cooruleus and nucleus 
ambiguus nearly reached the adult’ level of the 
enzyme activity directly after birth, the former 
showing unusually intense reaction (Fig. 3) and the 
latter a moderate one (Fig. 2). 1-5 days after birth (ho 
enzyme activity was generally similar to that of the 
nowly born rat or slightly increased. From tho 7th to 
10th postnatal days activity in most regions began to 
Increaso in intensity and extent, and about 8 weels 
after birth the enzyme activity of cach region attained 
respective adult level. In the adult brain the most 
intense action was observed in the locus cocruleus, and 
moderate to intense action was encountered in the 
following regions: the subfornical organ, supraoptic 
crest, habenula, midline nuclear group of the thalamus, 
periventricular grey and medial nucleus of the hypo- 
thalamus, tractus retroflexus of Meynert, —inter- 
peduncular nucleus, nucleus of the brachium = con- 
junctivum, dorsal nucleus of the vagus nerve, nucleus 
ambiguus, inferior olivary nuclous, area postroma 
and opendymal layer of the lateral, 3rd and 4th 
cerebral ventricles. Tho enzyme action remained weak 
or negative throughout the development in the neo- 
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14. Histochemical distribution of monoamine oxidase in the 
loping rat brain, Fresh frozen seetlons were incubated in’ the 
lowing mixture for SO min. at b7o ¢ sayin. try ptamine hydro 
wide, dpi. sodium sulphate, Gog. ENT Chips. bo) or nitro blue 
razollum (Pig. 4), Sank Ob MW phosphate butler pH 7-6, bo mil 

distifled water 
Pont. Pons at foetal age of 20 day Showing a moderately strong 
action of the locus coeruleus (arrow), (< 6) 
| ’ Medulla oblongata directly after birth, Moderate staining 
is observed in the mucleus ambiguus Garrow), ( ) 
Intense staining is seen in the 
lightly positive 


| ’ Pons directly after birth 
us coeruleus of both sides, Ependyial layer | 
( ) 


| 1.) Locus coeruleus at ane of 2 week Several strongly positive 
rve cell bodies (perikaryin) Garrows) and irregular and) coarse 
thazan particles between them (neuropils). ( 200) 


cortex, striatum, thalamic nucle (excepting the 
habentha and midline nuclear group), mamillary body, 
Ubthalamie nucleus, substantia nigra, red nucleus and 
nucleon of the somatic cranial nerves, 
treated by the tryptamine- ENT method, the formazan 
crystals were so large and irreyular that exact localiza 
Hion of the enzyme action could not) generally be 
determined, Tf nitro-blue tetrazolium was employed 


as hydrogen acceptor, it became clear that the forma 


In the seetions 


ain grantles occurred not only in the perikaryon but 
iso in the neuropil (Fig. 4). But it was undecided 
Whether the coarse formazan granules within the 
neuropil are due to the truce enzyme action in the same 
localities or diffusion from the strongly reactive 
pertkaryon, 

Very little work has been done on the development 
Of amine oxidase during growth. Biochemical study 
by Birkhituser! has shown that monoamine oxidase 
of the thalamus, caudate nucleus and 
evidently less reactive in the smal children than the 
adults. Aecording to Epps®, the kidney cortex and 
medulla were poor in amine oxidase in the newly born 
child, but showed an inerease of activity until the 
child was 3 months old, when the mean activity 
pps 


cortex 1s 


rennained constant. found no variation of 
achivity with age in the liver and mucosa of the ileum, 

lrom our observation it became apparent that each 
resion of the brain does not always follow the same 
developmental pattern in the make-up of monoamine 
oxidase. The locus coeruleus and nucleus ambiguus 
showed the characteristic pattern, different from other 
portions of the brain. 
denonstrated an intense action (nucleus ambiguus 
taint action) already in the late foetal life, attained 
moXimal intensity in the newborn and maintained 
nearly unchanged level of activity throughout. post- 
nilal development up to the adult. Phe remaining 
portions of the brain were negative or slightly positive 
for the enzyme activity in the late foetal or new- 


Namely, the locus coeruleus 
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born life, began to increase their activity from 7th to 
10th day and reached adult activity in 3 weeks after 
birth. 
Nonvuo Suiizu 
NoGaakt MortkAWwa 


Department of Anatomy, 
Osaka University Medical School, 
Osaka-shi, 
Japan. 
July 24. 
' Birkhituser, HL, Mele. chim. Acta, 23, 1071 (1W4o) 
* Boydanski, PD. Fo, and Udenfriend, 8 Pharmacol, Erp, Ther., V6, 
7 (1N56) 
‘Shimizu, N., Morikawa, N., and Okada, M., Z. Zel/forsch., 49, 380 (AMS), 
*QGlenner, G. GG), Burtner, We Jo, and Brown, Go W J. Mistochem, 
Cytochem, 8, SOL Y57) 
Arioka, F., and ‘Tanimukai, W., 2. Newrochem., 1, 800 (1057) 
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A Dense Laminar Structure Found in 
Conjunction with Cell Membranes in the 
Anterior Pituitary Gland 


Recentry it has been shown that the cell membrane 
inc many different types of tissue cells is a triple- 
layered structure ~ 75 A, across and consisting of two 
dense layers ~ 20 A. wide separated by a somewhat 
wider less-dense space. Robertson! has suggested that 
this 75-A. unit: represents one bimolecular leaflet. of 
lipid the polar surfaces of which may be covered by 
non-lipid) material In 
thought 


view of this work it) was 
report the 


interesting to occurrence — of 





Vig. tb. A dense laminar body lying across two adjacent plasma mem- 
branes, The mean distance from the centre of one dense line to the 
centre of the next in ~ 40-A. At either end of the structure two of the 


dense tines may be seen to run directly into the plasma membrane, 
( e, 475,000) 
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Fig. 2. Three dense laminar bodies lying close together on two 
adjacent cell membranes ( ¢. 570.000) 


phospholipid-like material in close conjunction with 
cell membranes. 

The material used in this study, small blocks of 
tissue from the anterior pituitary of the mouse, was 
fixed in buffered tetroxide and 
additionally stained by soaking in a saturated solution 
of phosphotungstie acid in absolute alcohol for 12 hr., 
after dehydration in an alcohol series. The tissue 
was embedded, after preliminary soakings for up to 
two weeks, in ‘Araldite’. Sections were cut on a Huxley 
ultramicrotome and collected on 200-mesh copper 
grids which had not been coated with a supporting 
film. Such sections when carefully cured in the 
electron beam are entirely stable for high-resolution 
microscopy. Examination of specimens without a 
supporting film gives a considerable increase in both 
contrast and resolution. Although the sections used 
in this study were measured in an interference micro- 
scope to be about 1000-1200 A. thick, the resolution 
better than 30 A. Sections were 
photographed in a _ Metropolitan- 


isotonic osmium 


obtained was 
examined and 


Vickers #.M.6 electron microscope. 

In survey micrographs of anterior pituitary tissue 
the plasma membrane of each cell can be seen to be 
‘dotted’ with very small, distinct, electron-dense 
bodies, which at instrumental magnifications of 36,000 
or higher can be resolved into periodic structures con- 
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sisting of numerous dense lines ~ 20 A. wide separate: | 
by somewhat wider clearer spaces. The mean repea 

distance in these structures is ~ 40 A. and this is 
constant in all the bodies so far examined. Frequent], 
a ~ 75 A. wide unit of the laminar body, consisting of 
two dense lines bounding a lighter zone, may be seen to 
run directly into the plasma membrane upon which the 
laminar body lies. 

Stoeckenius? has recently published micrographs of 
myelin figures obtained from solutions of phospholipi:| 
spread on water, and a comparison indicates that thes: 
dense laminar bodies and én vitro myelin figures are 
remarkably similar both in appearance and in th 
~ 40 A. repeat distance. 

It seems possible therefore that these dense lamina 
bodies may represent accumulations of phospholipic 
lving in close conjunction with cell membranes and 
this assumption is consistent with the current. belie! 
that phospholipid is a major constituent of cel 
membranes. 

My thanks are due to Mrs. A. Cosslett for her kin: 
interest and help in cutting the sections and measurin 
their thickness, and to Dr. D. B. Cater for his adviv 
and encouragement. 


3ARBARA CG. BARNES 
Cavendish Laboratory and 
Department of Pathology, 
Cambridge, 
July 24. 
1 Robertson, J. D., Biochem. S Symp., 16, 3 (1959). 
* Stoeckenius, W.../. Biophys. and Biochem, Cytol, 5, 49. 05904 


PATHOLOGY 


Infectivity of Polio Virus Ribonucleic Acid for 
Embryonated Eggs and Unsusceptible Cell 


Lines 
THE isolation of ribonucleic acid) from varicrs 
viruses grown in animals or in tissue culture systems 
has been reported recently. These preparations ha 
been shown to be infectious for susceptible cell mon 
lavers!-5, 


In the course of experiments with a ribonucleic acl 
preparation extracted from polio virus, we have 
vestigated the possibility of adapting polio virus ts 
1 to the chick by inoculating infectious ribonuch 
acid into embryonated eggs. Our aim was support: 


by the idea that numerous specific properties of viriis 
being linked to the protein component, it could 
possible that, by losing its protein coat, the infectio 
particle would also lose its specificity for certain ce 
and be able to invade cells unsusceptible to po 
virus. The progeny of such infectious units mig 
eventually exhibit new properties as to its virus-c¢ 
relationship. 

Ribonucleic acid used in our experiments wis 
prepared by the technique of Gierer and Schramn 
from polio virus type I (Mahoney strain) grown «1 


4 


monkey kidney cells. This virus strain was select ( 
for its lack of infectivity for the chick. The infectio:1s 
activity of the ribonucleic acid preparations wis 
tested on monkey kidney cell monolayers using t!i¢ 
plaque technique of Dulbecco’. The average yield f 


infectious ribonucleic acid was about 0-01 per cert 
of the treated polio virus titre. We confirmed t! 
observations of others?-* that an optimum infectio 
titre is obtained when ribonucleic acid is used in 


1-0 M sodium chloride. 
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1. INFECTIVITY OF RIBONUCLEIC ACLD (RNA) PREPARATION BEFORE INOCULATION IN EGG 


RNA 


73 89 103 115 97 128 


fIVITY OF ALLANTOIC FLUIDS RECOVERED AT DIFFERENT TIMES AFTER INOCULATION OF 
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(PLAQUE-FORMING UNITS PER ML.) 


RNA with RNAse 


AIBONUCLEIC ACID (O0-2ML INOCULUM) *® 


- of No. of plaque-forming units per iil 

wery - - = + - — - - 

r.) Allantoic fluid alone llantoic fluid RNASs> 

6 0 0 5 C Cc Zz12 84 65 0 0 - ( GC ( 92 61 

12 0 C c c C 204 152 3 O 175 ( C 187s 161 4 
24 C 124 102 118 55 126 73 433 $; Cc 125 S7 74 115 sl 38 

45 Cc 108 76 83 77 54 64 37 Cc ") ( 73 s1 41 65 

16 24 32 18 12 84 107 8 11 21 33 15 - 91 C 10 15 

¢ Confluent area (more than 250), 
lation into 40 embryonated eggs at the eighth day of incubation, 8 samples are harvested at each time. Plaque-forming unit counts are 


numbered after 4 days. 


saline acts by inhibiting the activity of cellular 
iuclease §, 
the first series of experiments, ribonucleic acid 
ml.) was inoculated into the allantoic cavity of 
rvonated eggs at the eighth day of incubation, 
eggs were kept at 37°C., and samples of allan- 
fluid harvested at different times. The 
tious activity of these samples was tested on 
key kidney cell monolayers. 
ible 1 summarizes the results of a typical experi- 
Most of the allantoic fluid samples are infec- 
s for the tissue culture system. The yield of these 
ples exhibits a large variation, maximum plaque- 
ing units being observed 12-24 hours after inocu- 


were 


Nh. 
le main point is that the infectious activity of 
inaterial is not inhibited by ribonuclease. Fur- 
more it shows a much higher thermostability than 
nucleic acid preparations. 
standard preparation of ribonucleic acid loses all 
ifectivity after 6 hr. at 37°C. For these reasons, 
believe that the allantoic fluid samples contain 
le polio virus. This opinion is sustained by the 
that attempts to produce passively coated ribo- 
eie acid, by mixing ribonucleic acid preparations 
1 BSA serum albumin or normal allantoic fluid, 
vtro, did not succeed in protecting ribonucleic 
| infectivity against ribonuclease and temperature. 


\nother important point is that the average number 


plaque-forming units observed is consistently 
ier than the plaque-forming unit titre of the inocu- 
| ribonucleic acid preparation. In the reported 
eriments, 0-2 ml. ribonucleic acid is inoculated 
a total volume of allantoic fluid of about 6 ml. 
s dilution factor of 1:30 implies that normally the 
ntoie fluid samples should not contain more than 
4 plaque-forming units/ml. The fact that we 
nd consistently a higher number of plaques, about 
80 times more, can be explained in two ways. 
\) If the ribonucleic acid preparations contain 
‘e infectious units than we actually observe in 
tissue culture system, it could be possible that 
‘e units have acquired a particular protection from 
chick embryo fluids, so that more infectious 
nucleic acid is found in the allantoic fluid samples. 
s hypothesis has not been confirmed by in vitro 
ivs. The combination of ribonucleic acid and 
mal allantoic fluid failed to maintain the infectivity 
ribonucleic acid. This failure is probably due to 
presence of ribonuclease in allantoic fluid. 
2) That some ribonucleic acid particles are able to 
ide and to replicate into cells which normally are 
susceptible to polio virus. The new particles, 


emerging from the infected cells after multiplication, 
are whole polio virus and, therefore, are not infectious 
any more for the chick embryo cell system. In con- 
clusion, this hypothesis would suggest a ‘one cycle’ 
multiplication performed by a certain number of 
ribonucleic acid particles, the other being 
inactivated either by enzyme or by heat. This 
hypothesis would account at the same time for the 
increase and for the variation in the number of 
plaque-forming units observed in our experiments’. 

In further series of experiments we have demon- 
strated that polio virus present in allantoic fluid 
samples is not infectious for the chick, so that our 
original aim of adapting polio virus to the chick by 
this method did not materialize. 

An important question is raised by our results with 
the fact that ribonucleic acid would be able to replicate 
in unsusceptible cells. The question is to what extent 
the cell susceptibility to a particular virus is dependent 
upon the reaction between the specific viral protein 
and the corresponding cellular receptors. This could 
be investigated by a systematic study of the com- 
parative susceptibility of different cell lines to viruses 
and their ribonucleic acid preparations. 

Preliminary experiments in this field have demon- 
strated that this ‘one cycle’ multiplication of polio 
virus ribonucleic acid did not happen in a continuous 
cell line (DETR) from a rat tumour’. These results 
indicate that infectious ribonucleic acid is not able to 


ones 


produce polio virus in any type of cell. 

As a general conclusion it appears that infectious 
ribonucleic acid does not require the presence of a 
special cellular affinity to invade cells and, therefore, 
is able te perform a replication of virus in certain 
unsusceptible cells. But, virus-cell relationship also 
depends on the available nucleic material present in a 
particular cell. 

P. DE SoMER 
A. PRINZIF 
KE. SCHONNE 
Laboratory of Virology, 
University of Louvain, 
Belgium. 
May 19. 
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* De Somer, P., Prinzie. A.. 








and Vandenbergh, H. (in preparation) 





654 NATURE 


Bence Jones Proteinuria Associated with a 
Transplantable Mouse Plasma-Cell Neoplasm 

In 1848 Bence Jones reported his unique findings 
in the urine of a grocer who had a malignant disease 
involving the bones, afterwards identified as multiple 
myeloma!. Bence Jones described a protein material 
which precipitated on heating of the acidified urine, 
became soluble on boiling and reprecipitated on 
cooling. Recent studies are in general agreement 
that proteins with these unusual solubility properties 
are present in the urine of about 50 per cent of 
patients with malignant plasmacytomas (multiple 
myeloma)?. 

Recently, transplantable plasma-cell neoplasms in 
mice, like malignant plasmacytomas of man, have 
been found to be associated with homogeneous serum 
myeloma proteins of %- or 8- globulin electrophoretic 
mobility 36. One of these neoplasms reproduced in 
the new host several of the abnormalities associated 
with multiple myeloma in man, including increased 
total serum protein, characteristic myeloma dys-«- 
globulineemia and multiple osteolytie skeletal lesions3. 
However, neither in association with this nor with the 
other previously reported transplantable mouse 
plasma-cell neoplasms has Bence Jones proteinuria 
been found. It was of particular interest, therefore, 
that we found Bence Jones proteinuria in mice 
bearing a new transplantable mouse plasma-cell 
neoplasm. 

The transplantable plasma-cell neoplasm, of strain 
BALB/c origin and designated MPC-2 was kindly 
given to us by Dr. Ruth Merwin of the National 
Cancer Institute who has described its development 
elsewhere’. 

The plasma-cell neoplasm 4PC-2 was easily 
established in subcutaneous growth by the trochar 


technique in isologous recipients and has been 
studied through five transfer generations. Serum 


was obtained by cardiac puncture and urine free of 


freces was collected directly from the urethra follow- 
ing massage over the bladder of tumour-bearing and 
normal BALB/c female mice. 

Urine from mice bearing neoplasm MPC-2 was 
centrifuged and the supernatant urine found to 
contain 4:5 mgm. protein per ml. When acidified 
and heated to 45° C. the urine developed a flocculant 
precipitate which continued to become more opaque 
as the temperature rose further. Ultimately large 
protein masses were formed in the test-tube which, 
in turn, dissolved on boiling. The boiling urine was 
filtered, and on cooling to 80° C. a flocculant coagulum 
reappeared in the filtrate. This coagulum dissolved 
again on reheating to boiling. The precipitation 
on cooling and solubility on boiling could be repeat- 
edly demonstrated. These findings are entirely in 
accord with the observations of Bence Jones. 

Analytical paper electrophoresis of the urine from 
mice bearing the plasina-cell neoplasm M PC-2 
revealed a large amount of protein of §-globulin 
mobility (Fig. 1) which was not present in the urine 
of normal mice or of mice bearing other plasma-cell 
neoplasms. All urine samples from normal and 
tumour-bearing mice have contained several protein 
components (Fig. 1). One of these has an electro- 
phoretic mobility similar to serum albumin, another 
migrated faster than albumin and a third had the 
mobility of «-2-globulin. The Bence Jones test was 
positive only with M PC-2 urine containing the gamma 
electrophoretic component. 

The quantity of Bence Jones protein varied with 
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Table 1.—AVERAGE CONCENTRATION OF PROTEINS IN SERUM AND 
URINE OF 5 NORMAL MICE AND 5 MICE BEARING PLASMA-CELL NEO- 
PLASM M PC-2* 
Total Electrophoretic Components 


Protein (Per cent of total protein present) 
F.A. A al a2 a3 ¢} Y 
Serum 
Normal 5-4 gm. % 55 5 9 7 16 8 
MPC-2 9:2gm.% - 25 2 5 55 9 
Urine 
Nermal 0-5 mgm./ml 24 72 4 - 
MPC-2 4:5 mgm,/ml 1 7 3 89 


*Tumour weight, 5-7 gm. each. 

the quantity of tumour present in the host. The 
larger the tumour the greater the quantity of urinary 
protein, of urine electrophoretic gamma compc- 
nent and of heat precipitable Bence Jones protein. 
All animals bearing 5-gm. or larger M PC-2 tumours 
examined for the presence of Bence Jones proteinuria 
have shown positive tests. 

Electrophoretic examination of sera from mice 
bearing MPC-2 revealed a myeloma protein of £- 
globulin mobility (Fig. 1). The serum myeloma 
protein had an appreciably faster electrophoretic 
mobility than the urinary Bence Jones protein. 
The electrophoretic mobilities of Bence Jones proteins 
and serum myeloma proteins aie frequently different 
in cases of multiple myeloma in man where both 
occur.§. The serum myeloma _ protein associated 
with the 1J PC-2 neoplasm was also found to increase 
with enlargement of the tumour. 

Renal lesions have been found in mice bearing 
large M PC-2 transplants and excreting Bence Jones 
protein. Dense acidophilic casts filling and obstruc- 
ting the lumens of renal tubules has been the principle 
morphological finding (Fig. 2). The pathological 
anatomy is similar to that seen in multiple myeloma 
in man, particularly in patients with Bence Jones 
proteinuria? 9°. 








__ 
| 
URINE | 
Normal ---- | 
MPC-2 —— | 
| 
H 
| 
| 
| 
Y iC) % Alb. F.A. 


Fig. 1.—Serum and urine electrophoretic comparison of normal 
BALB/c mice and mice bearing plasma-cell neoplasm M PC-2. Elect /o- 
phoresis was carried out on S and S 2043A paper in a hanging strip 
cell employing sodium diethylbarbiturate buffer, 0-9 ionic strengt!, 
pH 8.6. Dried strips were stained with bromphenol blue and evalua! d 
with the aid of an automatic recording densitometer. Dilute urine 
samples were concentrated by ultrafiltration and dialyzed agaist 
0-15 M sodium chloride prior to electrophoretic analysis. 
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Fig. 2.—Protein casts within kidney tubules. Hematoxylin and 
eosin stain. This section was made available through the courtesy 
of Drs. R. M. Merwin and T. B. Dunn. (x ¢.214). 


\nalytical ultracentrifugal studies demonstrated 
that the urinary Bence Jones protein associated 
with the MPC-2 neoplasm had a_ sedimentation 
coefficient (S2ow) of 3-48, whereas the serum myeloma 
protein had a sedimentation coefficient of 6-58, 
These findings resemble those reported for the 
corresponding proteins in multiple myeloma in man 
where Bence Jones protein has been found to have 
similar sedimentation coefficients (3-1—3-6S) and a 
molecular weight in the order of 40,000 in contrast 
to sedimentation coefficients of about 6-6S and a 
molecular weight of about 160,000 for serum myeloma 
proteins!®, It is possible that the Bence Jones 
protein is identical to a portion of the serum myeloma 
protein or of anormal serum gamma globulin molecule. 

When Dr. Watson sent the now famous urine 
sample to Henry Bence Jones in 1845 he enclosed a 
ote briefly describing the precipitate which became 
soluble on boiling and concluded his note with the 
question, ‘What is it?"!- Today Dr. Watson’s question 
is partially answered; but a more complete under- 
standing of this 114-year-old observation may evolve 
with the use of experimental systems. 

JoHn L. FAHEY 
MICHAEL POTTER 


National Cancer Institute, 
National Institutes of Health, 
U.S. Public Health Service, 
Bethesda, Md. 
‘Hence Jones, H., Phil. Trans. Roy. Soc., 55 (1848). 
2 Snapper, I., Turner, L. B., and Moscovitz, H. L., ‘Multiple Myeloma”, 
3 Grune and Stratton, New York, 1953). 
3 Potter, M., Fahey, J. L., and Pilgrim, H. I., Proc. Soc. Exp. Biol. 
ind Med., 94, 327 (1957). 
*Fahey, L. J., Potter, M., Gutter, F. J., and Dunn, T. B., Blood (in 
the press). 
S(laisen, J., Heremans, J., Heremans, M. Th., and Rask-Nielson, R., 
J. Nat. Cancer Inst., 22, 57 (1959). 
® fh isk-Nielsen, R., Gormsen, H., and Clausen, J., J. Nat. Cancer 
Tnst., 22, 509 (1959). 
rwin, R. M., and Algire, G. H. (in preparation). 
)sseman, E. F., and Lawlor, D. P., Amer. J. Med., 18, 462, 1955. 
» Amer, J. Path., 9, 393 (1933). 
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CYTOLOGY 


Chromosoma! Synthesis of Ribonucleic Acid 
as shown by Incorporation of Uridine labelied 
with Tritium 

ACCORDING to a widely accepted view, the nucleus, 
and especially the nucleolus, is the main, or only, 
site of ribonucleic acid synthesis within the cell. 
This has been demonstrated by autoradiographic as 
well as by biochemical methods!. None of these 
investigations provide information as to the precise 
localization of structures within the nucleus which 
synthesize this acid, except the nucleolus, nor has it 
been shown that it is the nucleolar organizer which 
synthesizes the nucleolar ribonucleic acid. 

Regarding the first of the two questions it has been 
assumed? that the presence of ribonucleic acid at 
certain loci (puffs, ‘Balbiani-rings’) in the giant 
chromosomes of dipteran larve might be indicative 
of their synthetic activity. This, however, has not 
been proved. A study of the problem has now been 
initiated using radioactive tracers. 

The experiments were carried out on the salivary 
gland chromosomes of Chironomus tentans. In order 
to loealize structures containing ribonucleic acid 
within the chromosomes, a metachromatic staining 
method using toluidine blue was found to be superior 
in sensitivity to other familiar stains (methyl green— 
pyronin, azure 6). Squash preparations fixed in 
3:1 ethanol-acetic acid were stained for 12 hours at 
pH 4-1 and at 40° C., then differentiated with ter- 
tiary butyl] alcohol’. The stain solution was diluted 
to a concentration of 0-003 — 0-004 per cent. In 
this concentration-range deoxyribonucleic acid bands 
begin to lose their stainability while staining of 
ribonucleic acid is not influenced. Especially in 
adult larvie of the fourth instar ribonucleic acid 
bands become bright purplish red and deoxyribo- 
nucleic acid bands light blue. In _ ribonuclease- 
treated glands only the light blue deoxyribonucleic 
acid staining is observed. 

The number of bands found to be rich in ribonucleic 
acid according to this method amounts to about one 
hundred per nucleus, including puffs, ‘Balbiani-rings,’ 
and nucleolar organizers. Except in a group of 
3 — 5 special cells the pattern of these loci is constant 
in all salivary gland cells of one larva, which was to 
be expected from earlier cytological analyses of the 
puffing phenomenon?. The sites of ribonucleic acid 
synthesis were determined by autoradiography. 
0-25 —1-25 ue. of tritium labelled uridine (Schwarz 
Biochemicals, specific activity 0-6 ¢./mM) was 
injected into the larvee with special precautions to 
avoid loss of hemolymph. The uptake of uridine 
was allowed to continue for periods ranging from 15 
min. to 24 hr. 

In these experiments uridine proves to a pre- 
cursor of ribonucleic acid. However, some activity 
is also found in the saliva even after treatment of 
the glands with hot trichloracetic acid. Exchange of 
tritium atoms or cleavage of the nucleoside might 
be responsible for this phenomenon. After hot 
trichloracetic acid treatment a scattered activity, 
3-5 times higher than the background, may also 
be observed in the chromosomes. The activity of 
the nucleoli, however, and of other specifically 
labelled sites (see below) disappears. The activity 
of the cytoplasm in slides treated with trichlora- 
cetic acid approaches that of the background. 
Ribonuclease gives analogous results. 
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Within the nucleus the highest specific activity is 
restricted to certain chromosomal sites (Fig. 1). 
All these sites correspond to those found to be rich 
in ribonucleic acid by the metachromasy after 
staining with toluidine blue. Some, but not all, of 
the highly labelled bands appear puffed in the 
morphological sense, so that even very fine ribonu- 
cleic acid bands may show a high uridine incorpora- 
tion. Activities found in different bands of the same 
chromosome cover a wide range. The pattern of 
incorporation does not vary appreciably from nucleus 
to nucleus within one preparation (except the ‘special’ 
cells mentioned above, and except when deoxyribo- 
nucleic acid replication occurs). The differences 
between individuals, however, appear to be con- 
siderable. Two of the three large *‘Balbiani-rings’ 
of the 4th salivary gland chromosome of Chiro- 
nomus tentans regularly show intense labelling, even 
if only 15 min. have passed after injection of the 
uridine. The highest activities were observed in 
the nucleoli; but the incorporation of the uridine 
does not occur throughout the nucleolus as a whole. 
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Fig. 1. Salivary gland chromosome 1 of Chirononius tentans.40 min. 
after injection of uridine labelled with tritium into 4th instar 
larva. Preparation focus and photographic layer focus. 
Fig.2. Nucleolar labelling by uridine-labelled with tritium spreading 
out from the 2nd chromosome organizer region, 60 min. after 
injection of the uridine. 


It appears at first in the neighbourhood of the two 
nucleolar organizers, located in the 2nd and 3rd 
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chromosomes, respectively (Fig. 2). As incorporation 
time progresses, larger areas around the two synthe- 
sizing regions become labelled. This way of uptake 
of the radioactive material may provide a measure 
for the rate of synthesis. Its speed varies in different 
larve. In some animals the nucleoli are found to be 
completely labelled after 40 min., in others only afier 
6hr. The differences seem partly to be due to sudden 
changes in temperature. 

The experiments permit the following conclusion: 
The nucleolar ribonucleic acid is synthesized at the 
nucleolar organizers only. Synthesis of ribonu- 
cleic acid proceeds continuously, and with respect 
to its own ribonucleic acid the nucleolus represenis 
nothing but a ‘station of transit’. Many other sites 
of the chromosomes are also involved in synthesis of 
ribonucleic acid, the bulk of the ribonucleic acid 
being produced by a few very active loci. This 
latter observation confirms earlier interpretations of 
the phenomenon of differential puffing in dipteran 
giant chromosomes+. According to these earlier 
hypotheses the functional differentiation of cells 
consists in the development of specific patterns of 
genic activity. 

Finally, ribonucleic acid synthesizing structures 
show no activity after short application (up to 2 hr.) 
of radioactive amino-acids (glycine-!4C, tryptophan- 
3H, methionin-?*S). Protein synthesis seems not to 
be correlated with synthesis of ribonucleic acid. The 
connexion between synthesis of deoxryibonucleic 
acid and protein in chironomid salivary glands 
is subject to further investigations. 

G. PELLING 
Max Planck Institut fiir Biologie, 
Abteilung W. Beermann, 
Spemannstr. 34, 
Tubingen 
1Fieq, A., Arch. biol. (Liége), 66, 509 (1955). Vincent. W. S., Intern. 

Rev. Cyt., 4, 269 (1955). Taylor, J. H., and McMaster, R. D., 

Genetics, 40, 600 (1955). Zalokar, M., Nature, 188, 1330 (1959) 

2 Beermann, W., in **Developmental Cytology”, ed. D. Rudnick (New 

York, 1959). 

3 Flax, M. H.. and Himes, M., Physiol. Zool., 25, 297 (1952). 
4 Beermann, W., Chromosome, 5, 139 (1952). 


Cytochemical Study of 
Mitochcndrial Structur2 

A CHARACTERISTIC morphological pattern of organi- 
zation of mitochondrial structure has been repeated!yv 
described by Palade’, Sjéstrand?, Rhodin? and various 
other workers using electron microscope studies, 
according to which each mitochondria consists of a 
limiting membrane, criste and the mitochondrial 
matrix with granules or particles in it. During the 
cytochemical study of the oocytes of the various fresl- 
water fishes, [+:> have defined a cytochemical pattern 
of mitochondrial structure. The mitochondria of the 
fish oocytes are granular filaments with uniforin 
thread-like contour. Such a structure is revealed both 
vitally under phase-contrast microscope® and cyto- 
chemically in the tissue prepared according to Baker's’ 
lipid preserving formaldehyde-caleium fixative. A 
similar structure is seen in the tissue fixed in osmiu:n 
solution or oOsmium-containing fixatives, that 
Champy’s and Lewitsky’s (Flemming-without-acetic) 
fluids. However, their filamentous structure is com- 
pletely destroyed in fat solvents or fixatives con- 
sisting fat solvents and strong acids, for example, Bouin 
and Carnoy’s fluid, after which treatment their fine 
granules are observed to be randomly scattered in the 
cytoplasm. The mitochondrial filaments are coloured 
deep blue in sudan black B but this deep coloration !s 
confined more rigidly at the periphery and at the 
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in'erspaces between the fine granules of mitochondrial 
fil: ments. The granules in the mitochondria remain 
di-tinet by their feeble coloration in sudan black B. 
T!e peripheral sudanophil material is positive to 
Biker's? acid-hematin technique revealing phospho- 
li) ds, but is completely negative to all other lipid 
te-ts. Its exclusive lipid nature is further revealed by 
it. negative reactions to Mazia’s§’ mercuric-bromo- 
phenol blue test for proteins, and by periodic acid- 
Schiff technique for carbohydrates. The granular 
conponent of mitochondria consist of abundant 
proteins, and in addition show some lipo-proteins 
revealed by Pearse’s® extractive technique. Thus the 
mitochondria structure consists of a basal phospho- 
lipid sheath, in which numerous protein granules are 
en bedded. 

‘he above structure of mitochondria revealed by 
cyiochemical data can be correlated with the struc- 
tural pattern concluded by electron microscopy, 
which seems to be an image study of the structure 
produced by a definite arrangement of phospholipid 
molecules of the basal sheath under the influence of the 
fixative containing osmium tetroxide. The various 
membranes observed in the electron micrographs of 
different workers may be formed due to the tendency 
of phospholipid molecules to arrange themselves in 
bimolecular membranes under the effect of phospho- 
lipid/water complex, and osmium metal. Schmidt! 
believes, one end of the phospholipia molecule is 
h\ydrophil while the other is hydrophobe; and the 
h\drophobe ends of two molecules associate with one 
another whereas the hydrophil ends associate with 
water. The membranes seem to be formed in the basal 
sheath by the arrangement of these phospholipid 
himolecules which come to lie in Jateral association 
with each other due to intermolecular forces (Fig. 1). 
As suggested by Baker!!, the binding of the bimolecules 
is further strengthened and they are pulled more nearly 
parallel with one another due to the chelation of os- 
mium at the unsaturated links of fatty acid chains, 
which are very common in naturally occurring phos- 
pholipids. According to Criegee!? such chelation of 
osmium occurs due to oxidative effect of osmium 
tetroxide on fatty acid chains. The binding of phos- 
pholipid bimolecules into definite membranes by 
intermolecular forces and by osmication seem to be 
possibly noticeable only in the ultrathin sections used 
in eleetron-microscopy. The parallel or double 
membrane system noticed in the electron micrographs 
1iay be formed by two osmiophil layers with a narrow 
osmniophobe layer in between. The calcium also 
strengthens molecular binding due to which the true 
filamentous form of mitochondria remains intact in 
formaldehyde-calcium fixative. However, the fila- 
mentous structure of these inclusions is destroyed in 
acids and fat solvents due to the dissolving out of the 
basal phospholipid sheath. 

The ‘eriste’ of Palade!, which are nothing but 
osiniophil phospholipid material of basal sheath in the 
interspaces between the protein granules, have also 
the tendeney to form molecular membranes observed 

the electron-micrographs. However, the form of 

riste’ may be varying in relation with the size, 
density and arrangement of the protein granules in the 
basal sheath. The granular component of mito- 
chondria had been described by various authors under 
different names as large microsomes, small mito- 
chondria, submicroscopic granules, etc. due to their 
Varying appearance, though some of them interpreted 
them as artefacts. These granules are speculated to be 
the true functional units of mitochondria controlling 
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pg. 
Fig. 1. A hypothetical illustration of the arrangement of phos- 
pholipid bimolecules forming membranes (m) and cristw (¢) in the 
basal sheath (b.s.) of the mitochondria, containing protein granules 
(p.g.) 
the enzymatic activity, and may be constantly 
changing under their important functional process. 
However, some enzymatic activity is likely to be 
noticed in phospholipid basal sheath because of the 
diffusion of enzymes through it. 
This work was carried out in Punjab University 
Laboratories, India. 
C. H. CHopra* 
Department of Zoology, 
Duke University, 
Durham, U.S.A. 
* Hurgitt Fellow in the Zoology Department, Duke University. 


1 Palade, G. E., J. Histochem. and Cytochem., 1, 188 (1953). 
* Sjostrand, F. Nature, 171, 30 (1953). 

* Rhodin, J., Sjéstrand, F. 8., Exp. Cell Res., 4, 426 (1953). 
* Chopra, H. C., Quart. J. Micro. Sci., 2, 149 (1958). 

5 Chopra, H. C., Res. Bull. Panj. Univ., 152, 211 (1958). 

® Nath, V. Res. Bull. Panj. Unir., 98, 145 (1957). 

7 Baker, J. R., Quart. J. Micro. Sic., 87, 441 (1946). 

5 Mazia, D., Brewer. P., and Alfert. M., Biol. Bull., 104, 57 (1953). 
* Pearse A. G. E., “Histochemistry” (London, Churchill). 
10 Schmidt, W. A., Nova Acta Leop., 7, 1 (1939). 

1 Baker. J. R.. J. Histochem. and Cyotchem., 6, 303 (1958). 
#2 Criegee, R., J. Liebigs Ann. Chem., 522, 75 (1936). 


GENETICS 
Fertility Factor in Salmonella typhimurium 


IN crosses between Salmonella typhimurium strain 
LT-7 and Escherichia coli strain K-12 Hfr, it was 
found that recombination occurred only when the 
Salmonella strain carried a mutator factor, presum- 
ably! a mutator gene (mut). Earlier studies had 
shown that the main effect of mut is to increase the 
rate of spontaneous mutation of virtually all genes 
with which it was tested?. 

Hybrids from the experiment S. typhimurium mut X 
E. coli HfrCS-101 were crossed with E. coli HfrCS- 
101. Frequency of recombination in the hybrid x E. 
coli experiment was 10-4 to 10-5, that is, 10? to 108 
times higher than the frequency in the S. typhimurium 
x E. coli cross. Two explanations of this phenomenon 
were considered and tested: (1) that the greater 
fertility of the hybrid was due to the presence of 
chromosomal or cytoplasmic material derived from 
the £. coli parent ; ‘2) that it resulted from mutation 
of a fertility factor in the S. typhimurium parent, 
either chromosomal or cytoplasmic, stimulated by the 
mut gene. 

The following test was designed to determine 
whether it was possible to obtain a highly fertile S. 
typhimurium strain that had never been in contact 
with £. coli, a result which would favour explanation 
(2). S. typhimurium having the genetic constitution 


proA-214 mut was plated (in 0-1 ml.-samples contain- 
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ing about 200 cells) on nutrient agar plates. After 24- 
hour incubation at 37°C., the colonies present on 
these plates were replica-plated on minimal-lactose 
proline medium which had just been spread with 0-1 
ml. of an overnight broth culture (about 2 x 10? cells) 
of E. coli HfrCS-101. The selection markers in this 
test were met (methio-nine requirement) in CS-101 
and lac- (inability to utilize lactose) in the Salmonella; 
and both these markers are so stable that no spon- 
taneous revertants were observed. After 48-hour 
incubation at 37°C., samples were taken from colonies 
on the original nutrient agar plates which showed lac+ 
recombinants on the printed plates. Cultures grown 
from single colonies derived from these samples were 
tested for fertility. The tests showed that many of 
the original colonies, grown without any contact with 
E. coli, possessed high fertility. The cells derived 
from them recombined at frequencies between 10-4 
and 10-* with all Hfr strains tested (CS-101, C%, H4, 
and P4X,), and showed recombination also with the 
non-Hfr strain K-12 F> RT-18 (met), with frequencies 
between 10-7 and 10-8. The last-mentioned strain was 
obtained from Prof. P. Fredericq, and strain P4X, 
was kindly supplied by Dr. F. Jacob. 

These results indicate that a population of S. typhi- 
murium mut is a mixture of fertile and infertile cells 
(about 1:100), and that only the former recombine with 
E. coli Hfr. Since attempts to obtain a fertile strain 
from mut+ bacteria were not successful, it appears 
probable that the mut gene increases the frequency of 
changes from the infertile to the fertile condition. 

As mentioned above, recombination oceurred in 
experiments with the fertile strain of Salmonella and 
an F* strain of FE. coli, although at lower frequencies. 
Therefore, it is possible that the fertile strain of 
Salmonella is F- whereas the original strain is F+, and 
that the percentage of change from F* to F- is 
increased by the presence of the mutator factor. 

T. MIYAKE 
Carnegie Institution of Washington, 
Department of Genetics, 
Cold Spring Harbor, New York. 
June 15. 
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Induced Mutations of X-Ray Irradiations in 
Culex fatigans Wied (1828) 

To explore the possibility of linking a visible 
morphological character with the resistant gene for 
the study of population genetics of resistance of 
insects to insecticide!, mutations were induced in 
C. fatigans by exposing them to X-rays. 

Normal laboratory-bred C. fatigans pupae were 
allowed to hatch individually in 3x1 in. specimen 
tubes. The mosquitoes on hatching were fed on 
10 per cent glucose solution for 48 hr. 108 female and 
74 males were irradiated with a total dose of 4150r. 
(kV., 150; m.amp., 15; fod., 40 em., filter, nil) during 
60-min. exposure. 32 and 48 per cent mortality 
occurred among the irradiated male and female 
mosquitoes respectively within 24 hr. after exposure. 
The surviving mosquitos were allowed to mate, and 
the females were afterwards fed on a bird. 25 egg 
rafts were obtained of which 23 hatched out. 

Out of a total of 3251 eggs, 2055 larve were obtained 
(174 eggs were embryonated but did not hatch and 
1022 eggs were unembryonated). The total number of 
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Fig.l Male and female C. fatigans. a, both wings closed (normal); 
b, one wing spread (right or left); ¢, both wings spread 
These were carefully 


The 


adults thus obtained were 1456. 
examined for any morphological aberrations. 
following were noticed: 

(1) 7 female and 4 male mosquitoes with wings 
intact but incapable of flight. 

(2) 3 female and 4 male mosquitoes with short 
wings. 

(3) One single female with an additional branch 
to long wing vein No. 4. 

(4) A single male with both wings spread out. 

Efforts to rear the mosquitoes with the first three 
mutations failed. 

A single male with the spread wing (spw) aber- 
ration, however, was successfully mated with 4 
normal females in a glass jar 6x3 in. The females 
were afterwards fed on a bird. Three eggs rafts 
obtained, out of which only one _ hatched 
to produce 72 larve (a high mortality among the 
embryonated eggs was recorded). These were reared 
in the laboratory to obtain the F generation. 31 
females and 19 males hatched out, of which 5 females 
and 4 male mosquitoes had one wing spread out 
(+/spw). These were inbred to obtain the F, 
generation. Details of the F, adults hatched are 
given in Table 1. 

Total No. No. with No. with one wing spread 

of both wings out 
mosquitoes spread out Right wing 


hatched (spu'/spiw) spread out = spread out (+/+) 
(+ /spw) (spu/ +) Normal 


F M F M F M F M F M 
32 74 16 538 5 9 4 “f 3 d 


were 


No. with 
both wings 


Left wing closed 


Male and females of the F, generation with both 
the wings spread out (spw/spw—phenotypes) were 
inbred. 13 egg rafts were obtained. Out of a total 
1695 eggs 415 larve hatched. A total number 295 
adults were thus obtained. 89 mosquitoes had both 
wings spread out, 100 had only one wing spread out, 
and 106 had both the wings closed. 

‘Spread-wing’ is a non sex-linked mutation control- 
led by a single gene, most likely neutral and with 
high penetrance. As is evident from Fig. 1, this 
mutant character is easily detectable with the naked 
eye. The only other known mutations in this species 
are micro-mutations as described above and by 
Kitzmiller’. 

R. Pau 
B. S. KrRISHNAMURTHY 
Malaria Institute of India, 
P.O. Box 1492 
Delhi 
Laven, H., and Pal, R., Ind. J. Mal., 12, No. 4 (in on press). 
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